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ABSTRACT 

This study investigated the factors that influence two 

secondary teachers' planning and teaching when incorporating 

newly acquired genetics content into their existing 

curriculum. Data included transcriptions of six audio taped 

interviews, field notes from two summer content courses and 

eight classroom observations, classroom documents such as 

work sheets, and content and pedagogical diagrams completed 

prior to and immediately following the two summer content 

courses. Data were analyzed and used to construct three 

cases: the case of content, the case of Natalie, and the case 

of June. The cases were combined for additional analysis. 

The cross case analysis aided in the identification of 

influential factors and the development of a model of 

secondary school curriculum influences. Factors found to 

influence teachers as they incorporate new content into their 

teaching can be divided into internal and external factors. 

Internal factors include: the teachers' past experiences with 

science, personal content knowledge, confidence, and beliefs 

about science, learning and science teaching. External 

factors include: students' abilities, time constraints, and 

physical classroom limitations. The findings suggest that the 

teachers' previous content knowledge and beliefs have the 

greatest impact in determining the new content a teacher will 

incorporate into her existing curriculum. 
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CHAPTER I: INTRODUCTION 

The xinderStanding and abilities required to be a 

masterful teacher of science are not static. Science 

content increases and changes, and a teacher's 

understanding in science must keep pace. Knowledge about 

the process of learning is also continually developing, 

requiring that teachers remain informed. (National 

Science Education Standards [NSES], 1996, p. 57) 

Nearly every state in the country is raising the 

academic standards required for students. Consequently, this 

movement increases the expectations for teachers. Educators 

in many disciplines are being challenged to enhance their 

knowledge of subject matter and leaim new teaching 

strategies. Over the past ten years or so, numerous calls 

have arisen for science teachers to deepen their content 

knowledge (Carnegie, 1986; Holmes Group, 1986; National 

Research Council, 1996; Shulman, 1987). 

Given the increasing demands upon science teachers to 

increase their knowledge in a science content area, it is 

necessary to study what factors influence if, and how, 

science teachers incorporate new content into their planning 

and instructional repertoire. The purpose of this study was 

to create a model that depicted the beliefs and other factors 

that influenced secondary biology teachers when they 
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incorporated newly acquired siobject matter knowledge into the 

planning and instruction of an existing curriculum. 

Previous areas of research on teaching provide a 

foundation for this study. These areas were: (a) content 

determinants; (b) teacher beliefs; and (c ) teacher thinking 

and planning. 

Research on factors that influence elementary 

mathematics teachers' decisions about what content to teach 

and how to teach is extensive (see Porter et. al., 1986). 

This body of research examines the influence of five specific 

decisions teachers may make that can directly affect student 

achievement. These decisions involve determining how much 

time to allocate to a subject, what topics to teach, which 

students will be taught, timing and sequencing of the topics 

to be taught, and to what standard of achievement students 

will be held accountable (Porter et al., 1986). 

Teacher beliefs have been identified as influencing both 

teacher planning and instruction (Clark and Peterson, 1986; 

Clark and Yinger, 1979). Thompson (1988) observed and 

interviewed three junior high mathematics teachers regarding 

their beliefs about mathematics and mathematics teaching, and 

how these beliefs relate to teaching. She found that 

teachers' beliefs about math and teaching math do shape their 

classroom behaviors. Brickhouse (1995) interviewed seven pre-

college level science teachers regarding their conceptions of 

the nature of science, their roles as teachers, and their 
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students' roles as learners. This research suggests the 

presence of a link between teachers' beliefs about the nature 

of science and their classroom practice (Brickhouse, 1995) . 

For exairple, one teacher who viewed theories as truths 

uncovered through experimentation tended to have students 

learn only the content of scientific theories. Another 

teacher who thought of theories as tools to solve problems 

wanted students to use theories for solving problems. 

Teachers' beliefs about subject matter have also been found 

to influence day-to day decisions about what to teach, what 

to skip, and how much class time to devote to a particular 

topic (McDiarmid, Ball, and Anderson, 1989) . 

Clark and Peterson (1986) provided a comprehensive 

review of research on teacher thinking and planning. Much of 

this research focused primarily on elementary school 

teachers, was conducted in a clinical setting, and tended to 

have a narrow foci of specific teacher thoughts. Clark (1983) 

recommended that future research look at teacher planning in 

a naturalistic setting. Therefore, a need exists to describe 

the planning process of secondary in-service teachers in 

their own environment. 

With respect to investigating teachers' incorporation of 

new content knowledge into their practice, studies have yet 

to be completed that integrate the three research areas of 

content determinants, teacher beliefs, and teacher thinking 

and planning. An investigation of this nature would be 
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beneficial to teacher education. The model resulting from 

this study could provide insights into the theoretical basis 

for increasing teachers' content knowledge during and beyond 

undergraduate preparation. Courses could be developed by 

teacher educators that assist in-service teachers in 

incorporating new content into their current practice. Also, 

encouraging teachers to explore their beliefs about science 

and science teaching would create a better informed and 

validated practice. 

This Study 

Biology is a broad field that encompasses the study of 

many areas including genetics, ecology, and evolution. In 

order to better investigate and determine the factors and 

beliefs that influence teachers' planning, instruction, and 

iitplementation of new content knowledge into their 

curriculum, the focus must be narrowed. I decided to center 

on the topic of genetics and heredity, a topic taught in two 

graduate biology courses for science teachers enrolled in the 

Master's Program in General Biology (MPGB) . This program was 

housed in the College of Science in a large southwestern 

university. 

I became familiar with the MPGB when I was hired as the 

Program Evaluator. During that time, I was involved in 

various aspects of the program that introduced me to the 

teachers, the instructors, and the program's requirements. 

Secondary biology teachers in the State of Arizona may apply 



to the competitive program, and must demonstrate initiative, 

collaborative, and leadership abilities to be considered for 

candidacy. This program provided an ideal setting for this 

study because of the biology content focus and the 

willingness of the teachers to participate in professional 

development activities. 

The two courses of interest to this study were offered 

during the first summer session. Teachers were encouraged to 

take the courses simultaneously. The first course. Biology 

Update 1, provided the teachers with current information from 

research in the field of biology. The teachers were expected 

to be familiar with and have prior knowledge of many 

biological processes upon entering the course, because class 

discussions and activities focused on detailed biology 

content. The second course. Secondary Biology Laboratory 

Curricula (SBLC), focused on pedagogical aspects of biology 

instruction. In this course, teachers were introduced to 

various teaching methodologies and resources available for 

laboratory teaching. Although the SBLC course focused on 

pedagogy, teachers were expected to know and demonstrate 

their biology content knowledge through in-class activities 

and outside assignments. 

It seemed reasonable to choose the topic of genetics 

because it is a conponent of the Life Science Content 

Standards for Grades 9-12 in the National Science Education 

Standards. The Life Science Content Standard states: 
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As a result of their activities in grades 9-12, all 

students should develop understanding of: the cell; 

molecular basis of hereditv: biological evolution; 

interdependence of organisms; matter, energy, and 

organization in living systems; and behavior of 

organisms, (p. 181) [errphasis added] 

The purpose of this study was to construct a model that 

depicted the factors that influenced two secondary biology 

teachers as they incorporate newly acquired subject-matter 

knowledge into their planning and instruction. In order to 

investigate this problem I chose the following research 

questions: 

• What factors affect teachers' planning and teaching of 

newly acquired genetics content? 

• How is new genetics content presented in the teaching of 

two secondary biology teachers? 

• Do middle school and high school teachers incorporate 

genetics content into their instruction differently? If 

so, what, if any, factors are common? 

I investigated what sense a middle school and a high 

school biology teacher made of genetics content learned in a 

graduate course for science teachers, and how this and other 

factors might influence their planning and teaching. This 

information served as the foundation for constructing a model 

for future research in this area. 

It also seemed important to study the differences between 
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middle school and high school teachers. The range of content 

to be covered at each level is not mutually exclusive. 

Overlapping concepts and content may be treated differently 

depending upon the level of the student or other factors that 

may influence a teacher's planning and instruction. 

Pedagogical techniques may differ as well for the same 

reasons. It also seemed helpful to determine if and what 

content is exclusive to one setting or the other and why. 

A qualitative methodology was used to investigate these 

questions. The genetics content covered in each course has 

been laid out in the form of "A Case of Content." I developed 

one case study of each secondary biology teacher using 

teacher generated concept diagrams of content and pedagogy 

topics, open-ended interviews, and observer-participant 

observations of classroom teaching. Teacher documents such as 

lesson plans, class notes, quizzes, worksheets, and 

laboratory activity sheets were also collected for analysis. 

The qualitative methods will be discussed in further detail 

in Chapter Three. In Chapter Four, I present the three cases, 

consider the three cases together, and propose a model of 

secondary curriculum influences. The conclusions and 

implications for teacher education will be presented in 

Chapter Five. 
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CHAPTER II: REVIEW OF LITERATURE 

This chapter reviews relevant literature on the topics 

of teacher thinking and planning, teachers' knowledge and 

beliefs, the influence of teachers' beliefs on planning and 

teaching, and the influence of teachers' subject matter 

knowledge on planning and teaching. The purpose of this 

review is to assist the reader in developing a conceptual 

framework that integrates topics important to investigating 

how secondary science teachers' beliefs and newly acquired 

subject-matter knowledge influence their planning and 

teaching. 

Teacher Thinking and Planning 

At the same time that reforms were calling for an 

increase in a teacher's subject-matter knowledge, a paradigm 

shift in teacher education was occurring. Process-product 

research that focused on teacher behaviors as determinants of 

effectiveness was on its way out. Teacher education research 

began to center on teachers' thought processes as influencing 

classroom behavior (Clark & Peterson, 1986) . Early research on 

teacher thinking focused mainly on teacher planning. This 

perspective focuses on the teacher as a person faced with 

many coirplex tasks and situations that must be simplified for 

successful teaching to take place. Researchers believed that 

studying the thinking processes of teachers would aid in 
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understanding teacher behavior. Peterson, Marx, and Clark's 

(1978) research on teacher decision-making found 

relationships between teacher planning, teacher behavior, and 

student outcomes. This research, carried out mostly in 

laboratory classrooms, foiind that most teacher's planning 

time was spent on content, the next greatest time block was 

spent on instructional strategies, and the least time was 

spent on lesson objectives. 

Using the same data set, Peterson and Clark (1978) 

interviewed teachers about their cognitive processes while 

teaching. They found that differences in reports were related 

to the differing cognitive styles and abilities of the 

teachers. Yinger (1986) disputes the validity of data 

generated during stimulated recall interviews, such as used 

in Peterson and Clark's study, stating, it may "be at best 

only tangentially related to actual thinking during the 

recorded event and at worst be fabricated" (p. 273). 

Yinger found planning for instructional activities and 

the use of teacher routines as the main focus of teacher 

planning. Also labeled were five levels of teacher planning: 

yearly, term, unit, weekly, and daily planning. To 

distinguish these five levels, four dimensions of planning 

were identified: goals of planning, sources of information, 

form of the plan, and criteria for judging the effectiveness 

of planning. Yinger depended greatly on the use of models to 

describe the mental processes of teachers during decision 
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making. 

Clark and Peterson's (1986) chapter in the H;qndhnnk- of 

Research on Teaching outlines research on teacher thinking 

rather well. They provide an excellent framework for 

organizing the research on teachers' thought processes. They 

acknowledge that teaching is complex and quite demanding and 

that thinking and decision making play inportant roles . Clark 

and Peterson also stress the inportance of the teacher as 

being a reflective professional. Presenting teachers as 

reflective or "thoughtful" professionals regards teaching as 

a profession that contributes to teacher esteem and community 

respect. 

Peterson and Comeaux (1987) investigated teachers' 

schemata for classroom events by comparing novice and 

experienced teachers. The study indicated experienced 

teachers had better developed "schemata" for classroom 

teaching than do novices. This finding is not surprising, in 

that experienced teachers have had more opportunities to 

develop practical classroom knowledge. From this study, the 

authors suggested avenues for future research that included 

focusing on the roles of teachers' content knowledge and 

pedagogical knowledge as it relates to organization. Teachers 

who have greater pedagogical and content knowledge will more 

likely structure and organize the subject matter differently 

than a teacher who only has strong content knowledge and vice 

versa. 
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Peterson (1988) focused on subject matter content as 

well as teacher knowledge and student knowledge. More 

specifically, the study focused on what type of teacher 

cognitions are thoughtful and lead to effective teaching. The 

results are much like a domino ef fect--teachers' cognitive 

processes and abilities affect teacher behavior (the teaching 

process), which in turn affects student learning. Again, the 

teacher as a "thoughtful" professional is stressed. 

Teacher Knowledge and Beliefs 

Beliefs are personal and highly dependent upon previous 

experiences. Too often, the term "belief has been difficult 

to define because it, as a construct, does not lend itself 

easily to investigation. Is it sufficient to say that 

anything following the phrase, "I believe that..." is a 

belief? Recent research has tried to combat this dilemma 

using synonyms such as "value" or "view" for the word 

"belief(see Gudmundsdottir, 1990; and Brickhouse, 1995) . In 

this next section, I will try to remove some mystery 

surrounding this phenomenon of "beliefs" and its relationship 

to an individual's knowledge. 

Richardson, Anders, Tidwell, and Lloyd (1991) state 

"teachers are knowing beings and that this knowledge 

influences their actions" (p. 565-566). Many research 

endeavors have focused on various components of teachers' 

knowledge. This literature explores the nature of teachers' 
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practical knowledge (Elbaz, 1983), personal practical 

knowledge (Clandinin, 1989; Webb & Blond, 1995), pedagogical 

content knowledge (Shulman, 1987; Grossman 1991) , and 

Slabject-matter knowledge (Ball, 1991; Wineburg & Wilson, 

1991) . While each study views teacher knowledge through a 

different lens, each type of knowledge inpacts the teacher. 

"Knowledge, then, forms a system of beliefs and attitudes 

which direct perceptions and behaviors' (Deford, 1985, pp 

352-353, cited in Richardson et al., 1991). 

Folse (1981), working with arguments from philosophy, 

writes, "it seems obvious enough that anything which we can 

be said to know, we also believe" (p. 38). Folse uses Plato's 

suggestion that "knowledge is true belief accortpanied by a 

logos—a working definition of belief that has survived right 

into contemporary idiom" (p. 38) . In other words, knowledge 

consists of beliefs supported by adequate evidence. Harvey 

(1986), much along these same lines, defined a belief system 

as a "set of conceptual representations which signify to its 

holder a reality or given state of affairs of sufficient 

validity, truth and/or trustworthiness to warrant reliance 

upon it as a guide to personal thought and action" (cited in 

Richardson, et al., 1991). This statement supports the notion 

that an individual's beliefs must first be viable for that 

individual, rather than matching the norms of society. 

Abelson (1979) asserts that "the elements (concepts, 

propositions, rules, etc.) of a belief system are not 
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consensual" (p. 356). That is, no two individuals would 

create identical elements for their belief systems. Belief 

systems are loosely-bound systems with variable linkages to 

the environment, such as events or situations. Nespor (1987) 

adds that elements of beliefs are stored in episodic memory. 

That is, elements of belief systems are organized in terms of 

personal experiences, episodes, or events. 

In summary, beliefs are viable truths for an individual 

whose personal experiences must provide evidence to support 

particular truths. These beliefs, whether implicit or 

explicit, influence a individual's actions. 

Influence of Teachers' Beliefs on Planning and Teaching 

Thompson (1992) studied the relationship between 

teachers' conceptions of mathematics, mathematics teaching 

and teaching practice of three junior high school teachers. 

Thompson states that teachers' beliefs and views about 

mathematics and mathematics teaching play a major role in 

shaping their teaching behaviors. She developed three case 

studies, one of each teacher, from four weeks of classroom 

observations as well as teacher interviews. Each teacher also 

completed a questionnaire that required a response to six 

tasks. These six tasks were meant to elicit data on the 

teachers' views about various aspects of mathematics teaching 

that may not be addressed during interviews or classroom 

observations. Thortpson's finding supported her assumption of 
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a relationship between teachers' beliefs and teaching 

behaviors. Each teacher had a different conception of 

mathematics and mathematics teaching that influenced the 

individual's instructional decisions and behaviors. Another 

finding in this study is the complexity of the relationship 

between beliefs and behaviors. Thompson suggests future 

research examine teachers' general beliefs about teaching as 

an added component or factor that may influence practice. 

Schmidt and Buchmann (1983) investigated six elementary 

teachers and the relationships between the teachers' 

judgements on content to be eirphasized, their attitude toward 

content areas, their sense of conpetency in the content area, 

and the time allocated to teaching different content areas. 

Each teacher was asked to keep a detailed log for three 

months during the school year. The teachers were randomly 

observed to verify they had written their logs. 

Questionnaires collected data on the factors under 

investigation, Schmidt and Buchmann found that time 

allocation for a content area is somewhat dependent on the 

teachers' enjoyment in teaching the subject. The teachers' 

attitude toward the sxabject and the conpetence they feel in 

the area were found to vary independently of the time 

allocation in the classroom. The stucfy identified external 

and internal factors that affect teachers' content decisions. 

External factors that affect the amount of time allotted to a 

subject are determined by school policy. Internal factors are 
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determined by the teachers' attitudes, beliefs, and subject-

matter knowledge of the siibjects in the curriculum. 

Hollon and Anderson (1987) investigated thirteen 

seventh-grade life science teachers' beliefs about students' 

learning processes and how these beliefs influence the 

teachers' judgements of content importance, their information 

gathering strategies, and their ability to leam from 

experience. The teachers were observed during the teaching of 

three units: photosynthesis, cellular respiration and matter 

cycles. Interviews were conducted upon completion of each 

unit and designed to reveal the teachers' beliefs that forroed 

the foxindation of their actual practice. Through data 

analysis, Hollon and Anderson identified individual teachers 

as holding one of three teaching orientations: conceptual 

development, content understanding, and fact acquisition. 

Teachers reflecting the "conceptual development" orientation 

are flexible in their instiruction, have well-developed 

content and instructional repertoires, and emphasize student 

development of a scientific understanding of important 

concepts. Teachers oriented toward "content understanding" 

eitphasize the passage of information from teacher to student, 

and tend to have high expectations for student achievement. 

The "fact acquisition" oriented teachers and tend not to be 

science majors. These teachers place a greater emphasis on 

students' motivation, personal and academic needs and 

limitations. Hollon and Anderson suspect that this emphasis 
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on social aspects of development stem from the teachers' 

inability to understand alternative curricula, or that their 

lack of subject-matter knowledge has inhibited their 

understanding the structure of the discipline and has limited 

their ability to place concepts into a larger curricular 

framework. 

Laplante (1997) explored ways in which two French 

immersion science teachers' views of themselves and their 

students as knowers of science influenced their classroom 

practice. Laplante found through interviews and classroom 

observations that these two teachers viewed themselves as 

consumers of science rather than inquirers in science, and 

therefore presented science-related knowledge directly to 

students while reading and interpreting information found in 

books. These teachers admit they often did not understand 

science concepts, and further described their students as 

knowers of science in similar terms that they used to 

describe themselves. Therefore, the teachers' practice is 

very much influenced not only by their own scientific 

knowledge, and science experiences, but also by what they 

hold as beliefs about the nature of science. 

Influence of Subject Matter Knowledge on Planning and 

Teaching 

Hashweh (1986) studied the effect of subject-matter 

knowledge and conceptions of learning on the proactive and 
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interactive teaching of six experienced science teachers. 

Three physics and three biology teachers were asked to plan 

and teach on the topics of levers and photosynthesis, 

respectively. Subject matter knowledge was probed through 

free recall, concept rnapping, and sorting tasks. Teachers' 

conceptions of learning were determined by analyzing clinical 

interviews. Teachers were also asked to think-aloud while 

planning their lessons in order to assess proactive teaching. 

Interview data on interactive teaching were collected through 

the use of vignettes in which the researcher described 

critical incidents that occurred while teaching the topic. 

Hashweh found that teachers' subject-matter knowledge 

influenced planning, especially the ways they transferred 

written curriculum into actual teaching, which included: 

modifying the textbook content, organizing the topics, and 

choosing exaitples and demonstrations. During the stimulated 

recall using the vignettes, teachers' subject-matter 

knowledge influenced choice of questions, evaluative 

structures, and responses to critical incidents. Teachers 

with greater subject-matter knowledge were better able to ask 

abstract questions and deal with students' preconceptions. 

Dobey and Schafer (1984) investigated the differences in 

subject-matter knowledge in preservice elementary teachers as 

they taught a lesson on pendulums. They found that teachers 

with strong subject-matter knowledge were more flexible in 

their teaching, allowed more student participation, and 
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pursued more classroom investigations than teachers with less 

subject-matter knowledge. 

Carlsen (1987) studied the effects of the teachers' 

subject-matter knowledge on classroom discourse. His subjects 

were biology student-teachers or biology interns in the fifth 

year of a teacher education program. The teachers taught two 

lessons, one on a high subject-matter knowledge topic and one 

on a low subject-matter knowledge topic. Through classroom 

transcripts, interviews, and card sorting tasks, Carlsen 

concluded that teachers tend to dominate discussions, ask low 

cognitive level questions, and limit student participation 

when teaching a topic for which they have low subject-matter 

knowledge. When teaching a high subject-matter knowledge 

topic, teachers asked fewer questions and let the students 

participate more by either asking questions or responding to 

questions. 

Mosenthal and Ball (1992) analyzed two inservice 

programs designed to develop constructivist teaching 

practices in specific content areas: Summer Math for Teachers 

and the Writing Project. Constructivist teaching allows the 

learner to "construct" their own meaning, while the teacher 

serves as a guide in the inquiry. The central subject matter 

of these programs was not the math or the writing, but the 

knowledge about learning and constructivism. Teachers' 

content knowledge is addressed only to the extent of "can a 

teacher lacking in sxibject matter knowledge teach effectively 
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from a constructivist or learner-based point of view?" (p. 

356) . The authors leave this question for further researchers 

to pursue. It is a very interesting question especially in 

the realm of science. But it is also a very frightening 

prospect that teachers may not need to know subject matter in 

order to teach. 

Summary 

Obviously, many factors influence the day-to-day 

practice of secondary teachers. But the equation is further 

complicated when teachers consider incorporating newly 

acquired content knowledge into an existing curriculum. 

Research on teachers' chinking and planning and teachers' 

knowledge and beliefs can serve as a framework for developing 

a model when tracing the path of new content. 

Much of the early research on teaching focused on 

teacher behaviors as being indicators of effectiveness. This 

focus ultimately shifted as teachers were viewed as thinking 

individuals, whose thoughts influenced their actions in the 

classroom. Researchers became interested in teachers' 

thinking and planning as it related to classroom events. 

Major findings from this line of research were that a 

teachers' classroom actions are highly dependent upon not 

only their cognitive ability, but their knowledge structures 

of the content and the pedagogy. Few, if any, of these 

studies have qualitatively described how teachers think about 
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and plan their lessons v/hen considering new content. 

Beliefs have also been found to influence an 

individual's actions. Teachers may hold a variety of beliefs 

about their content area, about their pedagogy, about their 

students, about learning, and on and on. Each of these 

beliefs, whether inplicit or explicit, will influence the 

decisions a teacher will make during planning and teaching. 

However, studies in these areas have focused primarily on how 

beliefs influence existing classroom teaching practices, 

rather than tracing how beliefs influence the incorporation 

of new content into planning and teaching. 

Research on how teachers' subject-matter knowledge 

influences their planning and teaching behaviors has been 

limited to the perspective of the researcher. These studies 

have focused on behaviors such as instructional styles and 

questioning skills and have not taken into account the 

teachers' own perspective and reporting of their own subject-

matter knowledge and reflections on their teaching. 
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CHAPTER III: METHODOLOGY 

The purpose of this study was to construct a model that 

depicted the beliefs and other factors that influence 

secondary biology teachers' planning and teaching of newly 

acquired genetics content. This study first sought to uncover 

secondary biology teachers' beliefs about science and 

pedagogy as well as other factors that influenced how the 

teachers planned and taught genetics. Second, this study 

traced newly acquired genetics content knowledge from two 

graduate courses into the teaching of two secondary biology 

teachers. Third, this study compared influencing factors, 

beliefs, and planning and instructional decisions of two 

secondary biology teachers—one taught middle school the 

other high school. 

This chapter describes the design, methods, and 

procedures of the stucfy. The topics reviewed include the 

study's methodological design, theoretical underpinnings, a 

brief description of the participants, overviews of the 

courses that introduced the genetics content, methods of data 

collection and analysis, and criteria for establishing the 

credibility of the research findings. 

Methodological Design 

This study used a design that was qualitative and 

naturalistic. Bogdan and Biklen (1992) use the term 
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"qualitative research' to describe a type of data collection 

that uses a variety of strategies, which atterrpt to 

understand the subject(s) from their own frame of reference 

regarding the phenomena being studied. The research 

strategies are flexible, making use of the combination of 

participant observation, in-depth interviews and document 

analysis. Qualitative research does not attenpt to manipulate 

variables; rather variables are investigated in their 

complexity and social context, and collected data are not 

easily managed by statistical procedures . Qualitative 

research has also been called "naturalistic" (Lincoln and 

Guba, 1985) . Naturalistic research design emphasizes the 

collection of data in a natural setting, with the researcher 

as the primary data collection instrument. Also, according to 

Patton (1990), when a researcher wants to minimize research 

manipulation when studying naturally occurring phenomena, 

qualitative inquiry strategies should be employed. I felt it 

was important to investigate the relationship of teachers' 

beliefs and other factors they perceived as influencing their 

teaching and planning of newly acquired genetics content. I 

did not want to manufacture the relationship. Therefore, I 

found it reasonable to use qualitative research methods in 

this study. 

I worked with two secondary biology teachers, making 

this a multicase study by design (Bogdan and Biklen, 1992). 

Two teachers, one middle school and one high school, were 
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selected as subjects for a conparative study. Data were 

collected in the natural setting (genetic courses and 

teachers' classrooms) using a variety of qualitative methods 

including open-ended interviews, and non-participant 

obsei-vations. Classroom documents such as quizzes, tests and 

worksheets also served as a source of qualitative data. 

Techniques similar to concept mapping were used to gather 

additional data for qualitative analysis. Methods of 

analytical induction were used to analyze the data. These 

settings and procedures are described in more detail in 

subsequent sections of this chapter. 

The findings of this study are presented in a case study 

format. Case studies provide an in-depth holistic picture of 

the phenomenon within the natural contexts and settings. 

McMillan and Schumacher (1993) state of case studies: 

Case study design, because of its flexibility and 
adoptability to a range of contexts, processes, people, 
and foci, provides some of the most useful methods 
available in educational research. The impact of 
qualitative research on educational inquiry is a dynamic 
one, because it allows researchers to discover what are 
the important questions to ask. of a topic and what are 
the inportant topics in education to pursue empirically 
(p. 375-376).[emphasis in original] 

I chose this approach because this study attempted to 

create a model that described the beliefs and perceived 

factors that influenced secondary biology teachers' planning 

and teaching of newly acquired genetics content. Data 

consisted of informants' perceptions of their planning and 
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teaching, and ny observations during their graduate courses 

and their classroom teaching. A case study best described the 

conplex nature of the phenomena. 

Participants 

The participants in this study were two secondary 

biology teachers enrolled in two courses offered by the 

Master's Program in General Biology (MPGB) during the first 

summer session of classes in 1997. 

Approximately one month before Summer Session I, 1997, I 

sent a letter to eleven teachers who were enrolled in Biology 

Update I and the Secondary Biology Laboratory Curricula 

(SBLC) courses, inviting them to participate in this study. 

Initially, six secondaiy science teachers enrolled in the two 

summer courses agreed to participate in this study. Each of 

the six teachers completed content and pedagogy diagrams 

prior to beginning the summer courses. Five of the six 

teachers completed content and pedagogy diagrams at the end 

of the first summer session. Of these five teachers, two were 

purposefully selected for this study. One taught in an 

affluent suburban middle school, while the other taught high 

school in an international border community. Cases of these 

two teachers are furnished in the next chapter. The two 

teachers were selected based upon 1) their participation in 

Biology Update 1 and SBLC courses; 2) their job securement 

and biology teaching assignments for the Fall semester 1997; 
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and 3) their interest in this study. The three teachers not 

chosen for the study did not meet all of the above 

qualifications. 

Context: Program and Course Overviews 

The teachers participating in this study were enrolled 

in two summer courses offered by the Master's Program in 

General Biology (MPGB) . The MPGB was housed in the College of 

Science at the University of Arizona and was a summer 

Master's Program that offered secondary biology teachers the 

opportunity not only to update their content knowledge but 

also to leam new methods of teaching biology. Teachers' 

content knowledge was updated several ways. Research was one 

avenue used by the MPGB. Teachers selected an advisor, 

usually a university research scientist, and together they 

chose a topic of study for the teacher. The other means of 

updating a teacher's science and pedagogical knowledge was 

through enrollment in the summer courses. 

During a teacher's initial summer in the program, the 

first chance to update biology content knowledge and learn 

and practice current pedagogical trends in biology was 

available through two courses: Biology Update 1 and SBLC. A 

brief description of both courses (taken from the course 

syllabi) will be provided at this time. 

Biology Update 1 was a 600 level graduate biology course 

specifically designed for teachers in the Master's Program in 



General Biology. The course reviewed subjects taught in the 

university's introductory biology course as well as 

introduced recent research developments in biology using a 

lecture and seminar combination class format. Teachers were 

provided background information as an aid to understanding 

terminology and concepts presented in leading scientific 

journals. Due to the current nature of research discussed, 

the course did not use a textbook. The teachers worked in 

groups while analyzing and interpreting the data presented in 

the articles. The articles presented covered topics such as 

cellular and molecular structures, evolution of the 

eukaryotic cell, and energy metabolism. 

The Secondary Biology Laboratory Curricula course 

introduced biology teachers to high school and middle school 

laboratory curriculum materials. In the course, teachers 

"conduct activities and labs in order to: 1) study the 

science content, concepts, skills and process presented in 

the curricula and 2) examine the teaching approach used" 

(SBLC course syllabus, 1997). National science education 

reform recommendations (e.g.: Benchmarks for Science 

Literacy, and National Science Education Standards) were also 

discussed for the purpose of placing the lab curricula into 

the broader contexts of science teaching. Laboratory 

curricula topics such as GEMS, BSCS, and the Learning Cycle 

were discussed and demonstrated in the course. 
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Role of the Researcher 

During the five week summer session, my relationship to 

the participants in this study developed into what can be 

characterized as a "friendship." In the beginning we talked 

before and after class about various topics. Several weeks 

into the summer session, I was invited on social outings with 

the group. 

As the summer progressed and our conversations became 

more personal, I assured each teacher that they would have 

ultimate control over the information I wrote about their 

lives . If there was something I wrote that they were not 

comfortable with, I would strike it from the record. They 

each said they trusted me and were not worried about this 

issue. 

I also explicitly stated several times to each teacher 

that I was most interested in what they thought or knew about 

science and science teaching. Once or twice each had said, "I 

don't know if this is what you want..." and I assured them 

not to be concerned with what I want. It was what they 

thought and how they acted naturally that was of interest to 

me. I asked them not to try and please me with their 

responses, but to be truthful and natural. 

As I came to know each individual, I felt they were 

telling me the truth. Several times, in both casual 

conversations and formal interviews, each teacher said 

something to the effect, "I've never told anyone that before" 
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or "This is the first time I really thought about that or 

said it out loud." The teachers told me things that, perhaps, 

they've never been given the opportunity to talk about 

before. It was apparent there was a mutual trust. I trusted 

their words to be true, and they trusted me to portray their 

lives and their teaching accurately without exposing their 

personal vulnerabilities. 

Data Collection 

Data Collection procedures began the first day of Summer 

Session I when six teachers conpleted diagrams of their 

content and pedagogical teaching areas. A second content and 

pedagogical diagram were collected from five of the six 

teachers. Course documents, interviews, field notes from 

observations, and classroom documents from the two 

participants served as sources of qualitative data. Details 

of each of these data sources will be provided. 

Content and Pedagogical Diagrams 

Concept maps have been found to be useful tools in 

assessing an individual's "cognitive road map" of meaningful 

connections between concepts of a particular topic. Hoz, 

Tomer, & Tamir (1990) studied the relations between 

disciplinary and pedagogical knowledge and the length of 

teaching experience of biology and geography teachers. 

Concept mapping was used to tap the conceptual disciplinary 

and pedagogical knowledge of seven biology and six geography 
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teachers with short or long teaching experience. This 

research study relied heavily on predetermined disciplinary 

and pedagogical concepts agreed upon by several university 

biologists and pedagogues. This aspect of the research 

methodology was very limiting to the validity of the results. 

Using predetermined lists assumed that the concepts were 

known and valued by the teachers. The study would have been 

viewed in a better light if teachers were allowed to create 

and use their own concepts in the maps. This latter strategy, 

however, would have not have allowed for cross-case 

comparisons in the quantitative analyses. 

Lederman & Latz (1995) assessed the nature, development, 

and changes in the conceptions/knowledge structures of 

subject matter and pedagogy of twelve preservice science 

teachers using a modified form of concept mapping with their 

subjects. Data collected consisted of five subject matter 

questionnaires and five pedagogy questionnaires over the 

course of the one year program. The questionnaires asked the 

students to diagram topics that make up their primary 

teaching content area or the important elements/concerns for 

teaching. Interviews were conducted at the end of the program 

and students were asked to describe their current knowledge 

structures in these areas and discuss any changes or 

relationships that had occurred throughout the year. 

I began collecting data the first day of Summer Session 

I. At this time, six teachers agreed to participate in the 
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study. The teachers were given 45 minutes to complete two 

"questionnaires" that involved "mapping" or diagramming their 

content area eind iirportant teaching elements—identical to 

the technique used by Lederman and Latz (1995) . Each 

questionnaire consisted of two questions. The questions 

relating to the science content area were: 

1. What topics make up your primary teaching content 
area? If you were to use these topics to diagram your 
content area, what would it look like? 
2. Have you ever thought about your content area in the 
way you have been asked to do so above? 

The same questions were asked on the second questionnaire 

pertaining to their pedagogical repertoire but with 

"important elements/concerns of teaching" substituted for the 

phrase relating to the primary teaching content area. The 

teachers were assured there were no right or wrong answers, 

and that there was no right or wrong way to format their 

diagrams. I did not give specific directions on how to 

diagram their topics either by hierarchial categories or into 

a "concept map". This lack of information and direction gave 

the teachers the freedom to select topics and organizational 

strategies that best represented their own knowledge 

structures in the areas. The purpose of the 

questionnaires/diagrams was to ascertain the teachers' 

knowledge structures and repertoires upon entering the 

program and provided information about the teacher's beliefs 

of their content area and pedagogical repertoire. These 

diagrams were helpful because the teachers were not 
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interviewed or observed prior to taking the simmer courses. 

At the end of the first suinmer session, the six teachers 

were given questionnaires similar to those previously 

conpleted. The only difference in the second set of 

questionnaires was that question two was replaced with "Have 

your views changed? If so, how and why?" Five teachers 

returned the completed questionnaire. The purpose of 

administering the second set of questionnaires was to 

determine if their coursework in the Biology Update 1 and/or 

the Secondary Biology Laboratory Curricula classes had any 

immediate irtpact on their' knowledge structures or 

instructional repertoires. 

Field Observation—Summer 

I acted as an observer-participant in both the Biology 

Update 1 and the SBLC summer courses. I chose the role of an 

observer-participant so I would not influence the context of 

the instruction, although at times I was asked questions by 

the teachers and the course instructors and included in 

discussions. Field notes were taken for each class meeting 

and served as a data source for the genetics content covered 

in each course that may possibly be incorporated into the 

teachers' classroom practice. 

Field Observation—Fall 

Beginning in Fall 1997, over a period of nine weeks, I 

visited each of the teachers five times, observing their 

teaching. Again, ir^ role was that of an observer-participant. 
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During the first visit I attempted to familiarize rryself with 

the teachers' style and manner as she taught her classes. I 

tried to pay attention to her rapport and conversations with 

students both before and after, as well as during class. I 

made notes on the school environment and the layout and 

appearance of the classroom. Both teachers introduced me to 

their colleagues, including department chairs and other 

teachers. One teacher introduced me to her principal. 

During subsequent visits, I observed class sessions in 

which the teacher said she would be teaching genetics or 

heredity concepts. Class activities varied greatly, mainly 

depending upon what the teacher considered to be genetics. 

Initially I decided to take the role of a non-participant 

observer while in the teachers' classrooms. Although I sat 

off to the side of the classroom trying to remain 

inconspicuous, I was often drawn into the classroom 

conversations either by the teacher or by students sitting 

near me. Both teachers welcomed and encouraged me to interact 

with the students and expressed their thanks for having 

another "body" in the classroom to assist them. While the 

teacher was speaking to the entire class, I sat at the side 

of the classroom and took field notes, documenting what the 

teacher said, what the students said, and what was written or 

drawn on the board. I tried to keep a rxinning account of the 

class session while remaining primarily focused on the 

teacher's actions and conversations. I did not concern myself 
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or document conversations that I had with the students, 

either as individuals or as groups. I felt since iny focus was 

on the teacher and her actions, I did not want to bias rtYself 

and make judgements about the teacher based on her students' 

abilities and content knowledge. Classroom documents such as 

handouts and worksheets were also obtained at this time. 

Interviews 

Interviews were conducted on the day of the observations 

at times convenient for the teacher--either before or after 

school, or during a planning period. The initial audiotaped 

interview was used to obtain background information about the 

teacher and her thoughts about teaching and teaching science. 

Subsequent audio taped interviews delved into the teacher's 

thoughts about genetics content presented during the s;ammer 

courses and how the teacher taught or planned to teach the 

information—if at all. Each interview lasted about an hour 

and was very conversational in tone. The interviews were 

open-ended, and although I had topics in mind that I wanted 

to address, I did not use an interview schedule. I let the 

conversation plot its own course and followed wherever it 

went. Often, I was pleased with the direction and the topics 

the teacher wanted to discuss. Each brought up topics that 

were important to her life as a science teacher and as a 

science learner. 

Data collected in this study consisted of content and 

pedagogical diagrams both before and after the summer 
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courses, field notes from observing the two siimmer courses, 

field notes from classroom observations, classroom documents 

acquired during classroom observations, and participant 

interviews. All interviews and field notes were transcribed. 

Transcribed interviews were given to the teachers as a 

member-checking procedure. The teachers were encouraged to 

make any additional comments or make any corrections, 

including striking out, from the transcribed copy, portions 

of the interview with which they were not comfortable. These 

copies were also used as data sources to create a case study 

for each teacher. 

Data Analysis 

Interviews and Observations 

Analysis of the data began immediately when I began to 

transcribe the field notes and audio taped interviews. This 

time-consuming process brought me closer to the data and 

helped me develop a sense of the data. During this process of 

interim analysis, I began to make decisions about future data 

collection and to identify emerging topics and recurring 

patterns among and between the data sets. 

Formal analysis of the data began once all data was 

collected. I began by developing a case for each teacher. To 

do this, I read the entire data set for the teacher, writing 

down ideas or topics about the data as I read. Then, I reread 

the data and generated topics for each data segment, and 
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noted the topics in the margins. I inade a list of topics for 

each interview and field observation and compared the topics 

for duplication and overlapping meanings. Then, I grouped the 

topics that were similar and renamed the topic with a word or 

phrase that best described the grouping. At this time, major 

topics, minor topics, and varying degrees of topics were 

identified. Once this first organizational system was in 

place, I went through the transcript once again writing 

codes, or abbreviations for the topic, next to the 

corresponding data segment, constantly comparing topics and 

codes for similarities and disparities. This was a time to 

identify subcomponents of topics that may further illuminate 

the topic. For example, "Beliefs" was a topic identified in 

the second reading of the data. "Beliefs about science" was a 

subcomponent of "beliefs" with the code "B Sci" written next 

to the passage. A word processing program was used to 

organize topics, codes, and categories into separate 

electronic documents and folders to facilitate the analysis. 

Topics that were generated during this process 

originated from several sources. First, the research 

questions assisted in focusing the topics. Second, themes, 

concepts, and categories found by researchers in prior 

studies served as a guide. Third, my prior knowledge 

influenced the topics generated. Fourth, topics emerged from 

the data. 

Once topics were organized and analyzed from different 
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angles, topics were developed into categories. By grouping 

similar topics into distinct categories, the data were 

becoming more abstract through further analysis. But, it was 

possible that a topic was included in more than one category 

due to a range of topic interpretations. During category 

construction, I attempted to create "emic" categories that 

represented the teachers' views and language. At this point, 

I attenpted to look at the data from a multitude of 

perspectives in order to explore all possible aspects of a 

developing category. A relationship among categories was 

explored by seeking patterns in the data. I revisited the 

data to validate each pattern as significant and meaningful. 

Triangulation of the data from interviews, observations, and 

document analysis was one method used to validate the study. 

But, it must be noted, a single incident that was observed or 

recorded may have been a meaningful conponent in developing a 

pattern. 

This analytical process was used to developing a case 

for each teacher, and likewise a case for comparison between 

the teachers and the content. I gave each teacher a copy of 

her case study and asked for feedback on how accurately I 

portrayed her. This case information was used to develop a 

model of factors that affected or influenced how content 

became curriculum in secondary science classrooms. 

Content and Pedaaocrv Diagrams 

The content and pedagogy diagrams conpleted during the 
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summer were analyzed with both qualitative and quantitative 

techniques. Qualitative methods involved categorizing the 

diagrams into one of four predetermined formats: discrete, 

siitple hierarchy, web-like, or linear. Once a format was 

determined, concepts were analyzed for consistency between 

pre and post questionnaires. This analysis also quantified 

potential differences between the pre and post questionnaires 

of each teacher. 

The teachers' diagrams, although not necessarily formal 

concepts maps, were scored quantitatively based upon the 

criteria set forth by Novak and Gowin (1984), but modified 

for the purposes of this study. The criteria designated by 

Novak and Gowin is first presented, followed by the rationale 

for modifying the scoring. 

According to Novak and Gowin, the diagrams may score 

points in four categories: propositions, hierarchy, cross 

links, and exaitples (See FIGURE 3.1.) "Propositions" was the 

term given to the valid, meaningful relationship between two 

or more concepts in the form of linking words. Each valid, 

meaningful proposition scored 1 point. Each valid level of 

hierarchy was worth 5 points. A valid level was evidenced by 

the organization of the most inclusive concepts at the top of 

the map, with less inclusive concepts organized in levels 

below. Cross links were the most highly rewarded, and 

subjectively rewarded, of all criteria because of the 

potential for creative propositions . Ten points were awarded 
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FIGURE 3.1 Sairple Concept Map from Novak & Gowin (1984) 
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Scoring for this model: 

Relationships (if valid) = 14 
Hierarchy (if valid) 4x5 = 20 
Cross links (if valid and 

significant) 10x2 = 20 
Exaitples (if valid) 4x1 = 4 

58 points total 
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for each cross link that was both valid and significant, and 

2 points were given to cross links that were valid but did 

not illustrate a synthesis between sets of related 

propositions. Novak and Gowin also suggested that unique or 

creative cross links may receive extra points. Examples were 

not concepts but were specific events or objects that label 

the regularities of the concept. Exairples were very specific 

and did not include any other concepts on the map. Valid 

examples were assigned one point each. 

By design, Novak and Gowin developed the scoring 

criteria as an assessment tool. purpose was not to judge 

the teachers by determining which of their concepts or links 

were meaningful and valid. Their diagrams were a 

representation of what they believed to be components of 

their content area or pedagogical repertoire and I chose not 

to criticize or judge whether their internal representations 

were "right" or "wrong." Therefore, I awarded points for 

every element the teacher presented that fell into the 

general categories set forth by Novak and Gowin. 

This analysis had no bearing on the comparisons made 

between the teachers for two reasons. First, the teachers 

were not given formal instructions on how to produce a 

concept map and it was likely that each teachers' diagram may 

not meet "concept-map criteria". Second, concept maps were 

external representations of the way knowledge was thought to 

be integrated within the brain. Therefore, the maps or 
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diagrams were neither right nor wrong. The inaps simply 

outlined and provided information about each teachers' own 

previous or current knowledge structures. For these reasons, 

data from the content and pedagogy diagrams was not used in 

teacher corrparisons. 

Reliability and Validity 

Qualitative research is often criticized as being 

subjective, unreliable, and lacking validity and 

generalizability when compared to quantitative research. 

Efforts to obtain a reliable and valid study are necessary to 

combat criticisms of qualitative research. 

Reliability 

According to McMillan and Schumacher (1993), reliability 

is "the extent to which independent researchers could 

discover the same phenomena and to which there is agreement 

on the description of the phenomena between the researcher 

and participants" (p. 385) . Naturalistic research is somewhat 

personal because no two investigators interview, observe, or 

analyze data exactly alike; thus reliability must be obtained 

through research design and data collection procedures. 

Reliability in design strategies are essential to enable 

others to replicate the study. Reliability is enhanced by 

describing in detail six aspects of the research design: 

researcher role, informant selection, social context, data 

collection and analysis strategies, and analytical constructs 
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and premises -

Researcher Role and Informant Selection 

role in this study as an observer-participant and 

criteria for choosing participants was detailed previously in 

this chapter. Detailed descriptions of each teacher will 

occur in Chapter Four. 

Social Context 

The social context of the study refers to the physical, 

social, interpersonal, and functional social scenes of data 

collection. Data were collected from secondary teachers 

enrolled in two courses offered by a master's program for 

biology teachers in a southwestern university. Information 

about the program and the two courses were furnished earlier 

in this chapter. Additional details pertaining to social 

contexts will be presented in chapter four. 

Data Collection and Analvsis Strategies, and Analvtical 

Constructs 

Methods of data collection and analysis have been 

presented in detail earlier in this chapter. My analytical 

constructs and premises were described in the section on 

research design. 

Many strategies can be used in the collection of data to 

reduce threats to reliability. The eight strategies cited by 

McMillan and Schumacher (1993) that can be used to increase 

the agreement on the description or corrposition of the 

phenomena between the researcher and participants are 
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verbatim accounts, low-inference descriptors, multiple 

researchers, mechanically recorded data, participant 

researcher, member checking, participant review, and negative 

cases or discrepant data. For this study I have used a 

combination of six of these strategies to reduce threats to 

reliability and will briefly discuss each. 

All interviews were audiotaped and transcribed verbatim 

and direct quotations will be used to illustrate 

participants' meanings and perceptions. Concrete and precise 

descriptions from irry field notes were used to establish 

reliability of patterns found in the data. Each participant 

was involved in the collection and analysis of data by 

confirming data in both casual conversations and by reviewing 

transcribed interviews and modifying any misrepresentation of 

meanings. 

Validity 

Where reliability can be a major threat to qualitative 

research, validity may be a major strength. The validity of 

qualitative research can be threatened in two ways--

intemally and externally. 

Internal Validity 

Internal validity is concerned with the degree to which 

the researcher and participants share mutual meanings of the 

interpretations. The four strategies to increase internal 

validity are a lengthy data collection period, using 

participants' language, completing field research, and 
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practicing disciplined siabjectivity. 

In this study, the two main phases of data collection 

totaled fourteen weeks. This time allowed continual 

opportunities to analyze and compare data and refine my ideas 

while I was still in contact with the teachers. I was also 

able to use the language of secondary science teachers 

because I also have taught high school biology. In many 

respects, I was considered a peer. I observed teachers in 

their graduate courses and while teaching biology in their 

classrooms. These natural settings reflect the reality of 

these teachers' lives and were not contrived nor manipulated 

by me, the researcher. During the data collection phase, I 

practiced disciplined subjectivity by keeping a journal of my 

reflections. These notes and memos made me aware of my own 

biases that may influence this study during data analysis. 

External Validity 

External validity in qualitative research is not 

concerned with generalizability, but with comparability and 

translatability. Comparability is the extent to which the 

design is described so that other researchers may use the 

findings of the study and relate them to other studies. 

Translatability refers to other researchers being able to 

understand the theoretical frameworks and research strategies 

used by the researcher. Threats to external validity that 

limit the usefulness and the extension of the understanding 

of the findings are selection effects, setting effects. 
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history effects, and theoretical effects. 

Threats to selection can occur when contextual 

information about the participants or the settings are 

omitted. I will be developing a detailed case for each 

teacher to enhance this aspect of external validity. I will 

establish "typicality", which will become a basis for 

extending the findings to become applicable across 

situations. 

Setting effects occur when data are not corroborated 

between the researcher and the participants. Throughout this 

study, I remained in contact with the teachers by providing 

them the interview transcripts to review for meaning and 

accuracy. Often, each teacher expressed worries that they 

were not providing me with the "right" information. I assured 

them that anything they did or said would be valuable to my 

study and I wanted them to do what ever came naturally. I 

asked them not to change their lesson because I was coming to 

visit that particular day. 

Detailed background information was obtained from each 

teacher in an atteirpt to negate history effects that may 

limit comparability. This background information will be 

incorporated into the case study of each teacher. 

Theoretical effects occur when findings are not 

contrasted with the results of prior research. By presenting 

information about the participants, the setting, and other 

such details, other researchers will be able to decide when 
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to use the findings of this descriptive study. 

Summary 

This stuĉ  primarily used a qualitative methodology to 

investigate teachers' beliefs and other factors that affect 

their planning and teaching of newly acquired genetics 

content. I collected data from two secondary (one middle 

school, one high school) biology teachers; thus my study has 

a multicase design. My data consisted of observer-participant 

field notes from two graduate courses for biology teachers 

and from the teachers' classroom teaching, class documents, 

participant interviews, and the teachers' diagrams of their 

content and pedagogical repertoires. 

Qualitative data from each teacher were analyzed by 

organizing the data into topics, codes, and then categories 

based upon predetermined and emergent themes. The categories 

were further analyzed for patterns and then used to create a 

case for each teacher. Data from the teachers' content and 

pedagogical diagrams contributed to her case. I then 

considered the two case studies together along with the case 

of content and created a model depicting secondary curriculum 

influences. 

I attempted to address and nullify threats to the 

reliability and validity of this study. Many strategies used 

in the research design and in data collection extended the 

study's reliability and validity, thus lending credibility. 
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CHAPTER IV: FINDINGS 

Three cases and a cross-case analysis are presented in 

this chapter. A case of content provided the genetics content 

information for a typical secondary biology class as well as 

the genetics content to which each teacher was exposed to in 

the two summer courses: Biology Update 1 and Secondary 

Biology Laboratory Curricula (SBLC). The case of Natalie, a 

high school biology teacher, and the case of June, a middle 

school biology teacher will also be presented. These three 

cases addressed the first two research questions: 1) What 

factors affect teachers' planning and teaching of newly 

acquired genetics content and 2) How is new genetics content 

presented in the teaching of two secondary biology teachers. 

The cross-case analysis considered both teachers together and 

presented a model of secondary curriculum influences. This 

final section also addressed the third research question: 3) 

Do middle school and high school teachers incorporate 

genetics content into their instruction differently? If so, 

what, if any factors are common? 

The Case of Content 

To trace the path of content from Biology Update 1 and 

Secondary Biology Laboratory Curriculum courses into the 

teachers' classroom practice, the field of content explored 

in the courses must be narrowed. Genetics was a topic that 
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was common to both courses and covered in very different 

ways. Biology Update 1 presented genetics at the cellular and 

molecular levels. The Laboratory Curriculum course explored 

various methods of teaching mitosis. The genetics content 

covered in each course will be detailed in the following 

sections. 

Before delving into the content covered in each of the 

summer courses, it is necessary to provide the reader with a 

description of the corrplex phenomenon of DNA and its' 

relationship with the teaching of genetics in a typical 

secondary biology class. 

Secondary Genetics--Probable Content 

The following is a probable case of secondary genetics 

content. This case has been constructed from rty previous 

field experiences with biology teachers and from ny own 

experience as a tenth grade biology teacher. This case 

provides the reader with an overview of the secondary level 

content that is related to the content taught in Biology 

Update 1 and the Secondary Biology Laboratory Curricula 

courses. 

DNA 

DNA, deoxyribonucleic acid, is found within the nucleus 

of most cells. DNA is responsible for the production of 

proteins within a cell, which in turn, form the structural 

vinits of cells and control all chemical processes within the 

cell. Every new cell that develops needs an exact copy of DNA 
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from its parent cell. Humans and all other organisms must 

also be able to pass copies of their DNA on to their 

offspring, thereby continuing the species. The structure of 

DNA is inportant and related to its two primary functions--to 

store and use information to direct cell activities and to 

copy itself exactly when new cells are created. 

DNA is a complex organic molecule made up of repeating 

units called nucleotides. Each nucleotide is composed of a 

sugar (deoxyribose) , a phosphate group, and a nitrogen base. 

There are four different nitrogen bases: adenine, guanine, 

thymine, and cytosine. Each nucleotide bonds with other 

nucleotides to form a long strand. Two of these strands are 

bonded together around a central axis to form a DNA molecule. 

This DNA molecule looks something like a twisted ladder and 

is called a double helix. It is the arrangement of these 

nitrogen bases that determines the functioning of future 

proteins and makes each individual unique. 

Replication of DNA 

It was with the discovery of the structure of DNA that 

scientists could suggest how DNA copies itself exactly. This 

process of DNA making an exact copy or "replica" of itself is 

called replication. During times of cell and nuclear 

division, the two DNA strands unwind and separate, much like 

a zipper, with the help of several enzymes. Each strand then 

acts as a template on which a new complementary strand of DNA 

can be built. There are many enzymes and other molecules 
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which are responsible for building the new strands and 

ensuring the new copies are as error free as possible. This 

process produces two new DMA molecules that are exact copies 

of the original strand. These two "new" strands are connected 

to each other at a location called the centromere. The 

strands remain connected until pulled apart in a later phase 

of mitosis. 

DNA stores the information needed to make proteins, but 

can not transmit the information directly to the site of 

protein production. The function of RNA, or ribonucleic acid 

is to transport the DNA message out of the nucleus to a 

cytoplasmic protein construction site. The structure of RNA 

is very similar to DNA; however, RNA differs from DNA in 

three distinct ways. First, RNA consists of a single strand 

of nucleotides instead of a double strand. Second, RNA 

nucleotides contain the sugar ribose rather than deoxyribose 

found in DNA. Finally, RNA has the nitrogen base uracil 

instead of thymine. 

There are three types of RNA, each with a distinct 

structural form and specific function in protein synthesis. 

Messenger RNA (mRNA) is single stranded and uncoiled. The 

function of mRNA is to transmit the information from DNA to 

the cytoplasm where it then serves as a tenplate for 

assembling amino acids during protein synthesis. Transfer RNA 

(tRNA) is a single strand folded back on itself in a hairpin 



62 

fashion. tRNA exists in 20 or more varieties, each with the 

ability to bond to one specific type of amino acid. Ribosomal 

RNA (rRNA) is in globular form and is the major constituent 

of ribosomes. The exact function of rRNA during protein 

formation is not fully understood. 

Transcription of RNA 

All types of RNA are produced from DNA through a process 

called transcription. RNA molecules are transcribed according 

to the information encoded in the base sequence of DNA. 

Again, there are many enzymes responsible for producing a 

conplementary RNA copy. These enzymes also ensure that the 

genetic code specified DNA become inherent in the sequence 

of bases in RNA. 

Translation of Proteins 

The process of assembling protein molecules from 

information encoded in mRNA is called translation. mRNA moves 

out of the nucleus through nuclear pores and migrates to a 

group of ribosomes where protein synthesis takes place. Amino 

acids floating in the cytoplasm are transported to the 

ribosomes by tRNA molecules. The tRNA molecules arrange 

themselves in the correct sequence by matching a sequence of 

three bases on the mRNA molecule called a codon. The correct 

amino acids can then be added to the chain in the proper 

order. The long sequence of amino acids is then called a 

protein. 

The processes described above, that are involved from 
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the making of DNA to the synthesizing of proteins is 

collectively termed "Central Dogma." The teaching of Central 

Dogma is typically introductory material before secondary 

teachers introduce the topics of genetics and heredity. The 

transition is dependent upon the understanding that DNA is 

tightly wound aroxmd different proteins and form structures 

called chromosomes. 

Genetics and Heredity 

In all sexually reproducing organisms chromosomes occur 

in pairs. The two members of each pair are called homologous 

chromosomes and are structurally different from all other 

homologous pairs. Each homologous pair contains the same gene 

sites but are not identical copies. A cell that contains both 

chromosomes of a homologous pair is called diploid. A cell 

that has only one chromosome of each homologous pair is 

called haploid. All human body cells are diploid and contain 

46 chromosomes. Hioman gamete cells, sperm and eggs, are 

haploid and contain 23 chromosomes. 

For an organism to increase the number of cells in its' 

body, the cells must go through the process of mitosis. 

Mitosis is the division of the cell nucleus in which the 

chromosomes in the parent cell divide into two identical 

sets. For a unicellular organism, such as yeast, mitosis is a 

means of reproduction where all offspring have the same 

genetic information as the parent cell. 

Mitosis is part of the cell cycle—a sequence of events 
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from one mitosis to the next. Mitosis is a continuous process 

which has been divided into four phases: prophase, metaphase, 

anaphase, and telophase. These phases are delineated by the 

action and position of the replicated chromosomes. The 

process of mitosis is complete when two new cells, 

genetically identical and usually of equal size, have 

separated by cytokinesis. 

Whereas mitosis produces daughter cells having the same 

number of chromosomes, meiosis is the process of nuclear 

division that reduces the number of chromosomes by half. The 

process of meiosis is involved in sexual reproduction and 

produces haploid cells such as sperm and eggs. 

Meiosis has been separated into eight different phases 

based upon two distinct nuclear divisions--meiosis I and 

meiosis II. Prior to meiosis I, DNA replicates, making two 

exact copies in each cell. During meiosis I the parent cell 

produces two daughter cells, each with one member of each 

pair of homologous chromosomes. The chromosome number has 

been halved, but each chromosome, having been replicated 

earlier, has twice the original amount of DNA. It is also 

during meiosis I that "crossing over" may occur, resulting in 

the exchange of genetic information between pairs of 

homologous chromosomes. Meiosis II occurs in each cell formed 

during meiosis I and is not preceded by DNA replication. The 

result of meiosis II is four haploid daughter cells, each 

genetically different from each other and from the parent 
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cell. 

After meiosis has been discussed, the stage has been set 

for the introduction of genetics and heredity. The findings 

of Gregor Mendel provide the basis of many modern conceptions 

of inheritance. Mendel, after conducting controlled 

experiments with pea plants, concluded that patterns of 

inheritance were governed by three principals. The principle 

of dominance and recessiveness states: one factor in a pair 

may mask the other factor, preventing it from having an 

effect. The principle of segregation states: the two factors 

for a characteristic segregate or separate, during the 

formation of egg and sperm. The principle of independent 

assortment states: factors for different characteristics are 

distributed to reproductive cells independently. 

Mendel's term "factors" can be associated today with the 

term "allele." A gene is a segment of DNA on a chromosome 

that controls a particular heredity trait. Because 

chromosomes occur in pairs, genes also occur in pairs. Each 

contrasting form of a gene is called an allele. Letters are 

used to represent alleles, capital letters refer to dominant 

alleles and lowercase letters refer to recessive alleles. 

Mendel's principles can be used to determine the likely 

outcome of genetic crosses. The alleles an organism 

possesses, also refers to its' genetic makeup, and is termed 

its genotype. The external physical appearance of an organism 

is its phenotype. When both alleles of a pair are the same. 
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whether dominant or recessive, that organisms is said to be 

homozygous. When the two alleles of a pair are different, the 

organism is heterozygous for that characteristic. A cross 

between individuals that involves one pair of contrasting 

traits is called a monohybrid cross. A dihybrid cross is a 

cross between individuals that involves two pairs of 

contrasting traits and is more complicated than predicting 

the results of a monohybrid cross. Predicting probabilities 

for both monohybrid and dihybrid (and even trihybrid) crosses 

can be easily established using a diagram called a Punnett 

square. 

Mendel restricted his studies to traits that had only 

two alleles and which one allele dominated completely over 

the other. Concepts such as multiple alleles, as in the case 

of human blood types, and incomplete dominance, as in the 

case of the blending of flower color in Japanese four 

o'clocks do not follow Mendel's principles of inheritance. 

This case of secondary content is a probable one--

although it is a very likely one. I have constructed this 

case from field observations not relating to this study and 

my own experiences as a secondary biology teacher. I believe 

this represents a summary of the content, relating to DNA, 

Central Dogma, and genetics and heredity that is taught in a 

typical secondary biology class. 

Biology Update 1 

The purpose of Biology Update 1 was to bring the 
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teachers up-to-date in recent scientific research 

developments and review subjects covered in the university's 

introductory biology course. This course provided background 

knowledge needed to understand most of the terminology and 

concepts presented in the science journal articles used in 

the course. Working in groups, the teachers analyzed and 

interpreted the data presented in the articles. This case of 

the content focused on topics that present information 

pertaining to genetics, and more specifically. Central Dogma 

(the process of converting the DNA message into a protein) 

and heredity. TABLE 4.1 outlines, the sequential and daily 

order which the genetics content was covered in Biology 

Update 1. For exairple, on DAY 2, the first topic discussed is 

the three forms of RNA. The following section provides an 

overview of the daily context in which the content was 

introduced to the teachers. A detailed account of the 

genetics content can be found in APPENDIX A. 

The Context of Content: Bioloov Update 1 

The Biology Update 1 course met for ten three hour class 

periods over five weeks. The course instructor had a Ph.D. in 

Biology, was an adjunct lecturer in the Molecular and 

Cellular Biology department, and taught and coordinated the 

introductory freshman biology courses. The vocabulary and 

grammar of molecular biology covered in the course were 

presented within the context of scientific journal articles 

on topics such as "Cladistics and Archaea: The Third Branch 
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TABLE 4.1 Context of the Content: Biology Update 1 

DAY 

Topic 1 2 3 4 5 6 7 8 

Central Dooma 9 2 2 4 

Nucleotide structure 14 

DNA nucleotides 15 29 

RNA nucleotides 16 

Differences between DNA & 
RNA 

10 

number of strands 11 

sugars 12 

bases 13 

Replication of DNA 11 1 

Cell Cycle 1 2 

M 2 3 

Interphase--Gl, 3, 

G2 

3 4 

DNA structure 3 14 

5' to 3' 4 13 

antiparallel nature 5 12 

DNA helicase 16 

replication forks 15 

Okazaki pieces 20 

DNA polymerase I 17 

RNA primer 18 

RNA polymerase 19 

DNA polymerase II 21 

DNA ligase 22 

7 5/23 

RNA structure 17 

Three forms of RNA 1 

rRNA 2 
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TABLE 4.1 Context of the Content: Biology Update l...con't 

DAY 

Topic 1 2 3 4 5 6 7 8 

3 sizes/s 
factor 

3 

ribosomes 4 

itiRNA 5 

tRNA 6 

RNA polymerase 8 

primary mRNA 6 6 

exons 7 3 

introns 8 4 

Translation 7/24 

protein structure 23 

polypeptides 24 

amino acids 18 8 

codons 26 

ribosomes 

reading frames 25 

tRNA 27 

anticodons 28 

condensation reactions 19 

inteins 1 

chaperone proteins 10 

Protein Function 22 1 9 

amino acid structure 20 

amino acid categories 21 
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of Life", "Biochemical Pathways and One Gene Polypeptides: 

The Molecular Basis of Alkaptonuria", and "The War on Breast 

Cancer: BRCAl and BRCA2. " Because the genetics content was 

not presented in a sequential order, the content is discussed 

as it occurred within the context of the class. (See TABLE 

4.1) . 

The first day of class included introductions, an 

overview of the topics in the course, and several activities 

designed to assess the teachers' knowledge of biological 

concepts. One activity in particular required the teachers to 

work in groups and construct concept maps with a given list 

of 38 words. The instructor discussed the guidelines for 

constructing a concept map including hierarchy, linking 

words, and directionality of the connectors. The two teachers 

in this study, Natalie and June, were members of different 

groups. Their concept maps constructed in the class are shown 

in FIGURES 4.1 and 4.2. 

Central Dogma was first introduced on the second day of 

class through an article by Woese and Fox titled, 

"Phylogenetic structure of the prokaryotic domain: The 

primary kingdoms." In their article, Woese and Fox presented 

rRNA evidence for the existence of a third kingdom--Archaea. 

While discussing this article, a discussion about RNA began 

with the instructor's question, "What do you know about RNA?" 

The rest of the class time was devoted to a lecture/ 

discussion of the following topics: types of RNA, the process 
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of transcription, differences between DNA and RNA, molecular 

structural differences between the sugars ribose and 

deoxyribose, nucleotide structure and bonding, classification 

of amino acids, and protein function. Most of the class time 

was devoted to deciphering amino acid sequences and 

determining where the protein would be found in the cell 

based upon its structure and possible function. 

On the third day of class one group of three teachers 

presented information from the articles "Bizarre oceanic 

microbe is whole new kind of life", "Third branch of life 

bares its genes", and "Life's last domain." From these 

articles, a discussion/lecture began about the following 

topics: DNA transcription to RNA, intron and exon splicing 

from mRNA, and inteins. The second group of teachers' article 

titled "Life goes to extremes in the deep earth-and 

elsewhere?" introduced the topics of heat-shock proteins and 

PGR (polymerase chain reaction) which is used to amplify 

small amounts of DNA. The third group of teachers presented 

the article "Microbiology's scarred revolutionary" which 

discussed mitochondrial DNA as it is passed maternally from 

one generation to the next. 

The topic of discussion on the fourth day of class was 

retroviruses. Retroviruses are coitposed of RNA and contain 

the enzyme reverse transcriptase which converts the RNA code 

into a complementary DNA (cDNA) copy. Proteins need by the 

virus are then made from the cDNA tertplate. HIV is an exairple 
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of a retrovirus. Also on this day, the instructor focused on 

oxidation-reduction, glycolysis and the electron transport 

chain, exergonic and endergonic reactions, and the structure 

and functioning of adenosine triphosphate (ATP). 

On the fifth class meeting, the teachers were given a 

group test to complete. After the test, the teachers 

practiced replica-plating and talked about enzymatic pathways 

of gene expression in yeast and aspergillus. These 

discussions centered around the topic of Alkaptonuria and 

amino acid deficiency diseases. 

At the beginning of class on the sixth day, the teachers 

received the plates they made from the previous session. This 

led to further discussion of the cell cycle and tumor growth. 

RNA processing and translation of RNA into proteins was also 

revisited on this day. This was also the first day that DNA 

replication was discussed in detail. Vocabulary that was the 

focus of this topic's lecture included: DNA's anti-parallel 

strands, enzymes that travel only in the 5' to 3' direction, 

replication forks, RNA polymerase and primers, DNA helicase, 

Okazaki pieces, DNA polymerase I and DNA polymerase II, and 

DNA ligase. Transcription was mentioned briefly before 

continuing with translation and reading frames. This review 

ended with a discussion about DNA sequencing, cloning, and 

creating designer plasmids. 

The seventh day of class was reserved for article 

presentations from the three groups. Topics on this day 
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included: arginine prototrophy, Southern and Northern 

blotting techniques, subtractive hybridization, action of the 

HmGA gene, and a detailed explanation of PGR. 

The eighth and ninth days of class were used for 

reviewing and presenting the final group articles. Much of 

the information discussed on these two days dealt with the 

details of several laboratory techniques used in the 

articles. The course final was given the last day of class. 

The teachers individually constructed concept maps with a 

given list of 63 terms. The instructor looked for the number 

of valid concepts and connections in the map to determine the 

individual's grade for the course. The final concept maps 

were not available for analysis. 

Many of the teachers in the course did not have a strong 

background knowledge in the area of cellular and molecular 

biology. This is evidenced from personal accounts and 

statements made by several teachers during the class such as 

"I've never seen this before in my life!" and "This is giving 

me such a brain drain!" These teachers with a weaker biology 

background were expected to do extra studying outside of 

class time to be up-to-speed with the information being 

presented. Some teachers tried to keep up with the class and 

others just tried to get through day by day. 

It was evident during class meetings that there were a 

group of four or five teachers who struggled with the 

content- These teachers brought in textbooks from their 
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college courses or books they had purchased at the 

university's book store. The teachers arranged study groups 

two to three times a week to try and stay current in the 

course. 

One factor that may have complicated the content for 

several of the teachers was that the content was not 

presented in a sequential logical order—an order they would 

eventually be expected to teach. TABLE 4.1 illustrated the 

"haphazard" presentation of the content related to Central 

Dogma. This may have created some 'content confusion" 

especially with the teachers who did not have a strong 

background knowledge in the area to begin with. 

A possible explanation for why the material was not 

presented in a sequential fashion, lies with the expectations 

and assx;iitptions of the course instructor. On the third class 

meeting of the Biology Update 1 course, the instructor 

apologized for "leaping" into the structure and function of 

proteins and explained that in previous years she had 

reviewed with the class the function of proteins before 

advancing so quickly. She reassured the teachers that there 

was no reason to be "that familiar with amino acids" as they 

were expected to demonstrate in the previous days' activity 

(See Appendix A) . The instructor stressed that the course 

would "be a mix of a review from college and information from 

a deeper level of understanding." From the previous two days, 

she thought this group of people had a solid background and 
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that is why she went forward so quickly. With that 

explanation she said, "We're going to plunge ahead today! 

Remember to ask questions if you need to do so." It was a 

rare occurrence though that a teacher would interrupt the 

class discussion to ask a question or say they didn't 

understand the material. Several of the teachers, including 

Natalie and June, commented throughout the course that the 

material covered was "over their heads." 

Secondary Biology Laboratorv Curricula 

Ten teachers were enrolled in the SBLC course which met 

thirteen times over the five week summer session. Each class 

meeting lasted three hours. The purpose of the course was to 

introduce and study high school and middle school laboratory 

curriculum materials. The teachers conducted the activities 

and labs in order to study the science content, concepts, 

skills and processes presented in the curricula and to 

examine the teaching approach used in each activity or lab. 

The teachers also discussed the national recommendations for 

science education as a context for understanding the use of 

laboratory curricula in their teaching of biology. The class 

was co-taught by a recent graduate of the master's program 

who teaches high school biology and the coordinator of the 

MPGB who holds a Ph.D. in Biology. 

The Context of the Content: SBLC 

Of the thirteen class meetings, three days were spent 

discussing the topics of genetics and heredity. Information 
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presented in class from those three days will be furnished to 

establish a case of genetics content from the course. 

The agenda for the tenth class meeting included 

beginning a series of activities on heredity. The topic was 

introduced through a handout that detailed the sequence of 

concepts for heredity at the high school and college freshman 

levels (see APPENDIX B) . The teachers and instructors in the 

class recalled and discussed their "when we were in high 

school" experiences learning about meiosis and genetics laden 

with terminology. Most agreed it was at this time they lost 

any hopes of conceptual understanding of the genetics. The 

instructors stressed that this topic lends a good example for 

switching teaching strategies to conceptual understanding. 

While the handout was discussed, two key points were 

stressed about teaching genetics. First, the teachers were 

cautioned about teaching genetics using Punnett squares as 

they are often used as a "trick" without stressing the 

understanding of independent assortment. Teachers were 

encouraged to concentrate on the gametes first. Second, 

another source cited as adding confusion when teaching 

genetics was using terminology and complicated words. One 

example given was using the words "gene" and "trait". These 

words have the similar meanings, but often confound student 

understanding when used interchangeably. 

After reviewing the handout, teachers broke into groups 

for an activity called "Yam Activity for Mitosis and 
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Meiosis." The teacher duos each received three homologous 

pairs of chromosomes made of short, medium, and long segments 

of yam (for a total of six chromosomes) and one very long 

piece of yam to represent the nuclear membrane. Each of the 

chromosome pairs were color coded (one red and one blue) with 

"silly" genes such as "nose", "eyes", or "feet". The red 

chromosomes represented "mom's" genetic contribution and the 

blue chromosomes represented "dad's" genetic contribution to 

the cell. The teachers were instructed to use the yam to 

make sense of the process of mitosis and meiosis while 

looking at diagrams in their text books. The teachers were to 

describe what happens in mitosis, then meiosis, without using 

the vocabulary or the names of the stages. During the 

activity, they were encouraged to only label a stage when 

their partner asked, "what is this called?" Then, after the 

activity, the teacher could introduce as many terms and 

stages they were comfortable with during a "class wrap up" 

discussion. 

In addition to doing the activity, the teachers were 

also given guidance and helpful hints about setting up the 

activity and teaching genetics using this activity. Regarding 

setting up this activity, teachers were reminded that "silly" 

traits such as "nose", "eye", and "foot" do not exhibit 

simple Mendelian inheritance patterns. Teachers may wish to 

be more accurate and use traits that exhibit Mendelian 

inheritance. Another alternative was to use traits that were 
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examples in their textbooks to provide continuity. 

Suggestions for teaching when using this activity were 

more direct. When teaching mitosis, the teachers were told to 

let students make sense of the text's description of mitosis 

by making a model with yam chromosomes and moving 

chromosomes around to demonstrate their understanding. When 

teaching meiosis, teachers were instructed to first review 

mitosis with the yam chromosomes. Then, they were to let the 

students discover the need to reduce chromosome numbers by 

using the yam and develop a model process for what happens 

when sperm and egg combine during fertilization. The students 

were to write down the steps of the process while 

demonstrating with the yam. After the students developed 

their process, the teachers were to remind students that 

cells in every organism have a characteristic number of 

chromosomes and the cells must have one, and only one copy of 

each type of chromosome from each of its parents. The 

students needed to reach the conceptual solution of the 

problem as "getting rid of half of the chromosomes" in the 

fertilized egg. Students were then to develop a process and 

write down the steps which resulted in a fertilized egg with 

the correct number and type of chromosomes from each parent. 

Students should then, read how the process actually occurs, 

use the yam to model it, and conpare and contrast it with 

the process they developed. During the class discussion once 

the activity was coiipleted, the teacher must emphasize that 
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the process begins by replicating the chromosomes, thereby, 

doubling the number of chromosomes. This is the opposite of 

what one would expect to happen. Then, the teacher should 

enphasize that the duplicated chromosomes do not separate at 

the centromeres during the first segregation event. Instead, 

the homologous chromosomes, which are duplicate and joined at 

the centromere, separate. 

The instructors also provided the teachers with a list 

of likely processes their students may develop during this 

activity. One probable occurrence was that students will not 

duplicate chromosomes first since it is, in fact, counter 

productive to do so--meiosis is counter intuitive. Another 

likely student process starts with two diploid cells, one 

from male and one from female. The student then should reduce 

the chromosome number in each to form four haploid gamete, 

two from each gender. The last process provided also began 

with two diploid cells, one from each gender. The student 

will destroy, throw out,or degrade one of each type of 

chromosome in each cell to yield two haploid gametes, one 

from each gender. Each of these likely occurrences focus on 

possible student misconceptions which may result from their 

own solution to the problem. 

After coirpleting the yam activity, the class went to a 

computer lab to look at conputer software designed to 

represent mitosis as a continuous process. The software 

developed at the University of Arizona was called "HIP 
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Biology" and utilized image processing technology to bring 

cells to life frame by frame. The software was accorrpanied by 

a manual that gave step by step instructions and work sheets 

for students as they traveled through the program. This 

software program, though not directly vocabulary intensive, 

required students to "click" through animated movies frame by 

frame and stucfy the differences between frames. 

One lesson in HIP Biology the teachers examined was 

titled "Anaphase Animation: Modeling Chromosome Separation." 

This lesson consisted of fourteen frames. Each frame depicted 

the anaphase movement of chromosomes in a cell from the fruit 

of an African blood lily. Tools available in the program 

allowed students to color the strands of chromosomes on each 

consecutive frame, and then animate their colored chromosome 

movie when finished. 

On the eleventh day of class the teachers were placed 

into groups for another heredity exercise. While in the 

groups, the teachers were to compile a list of the main 

concepts the group thinks students should leam about 

heredity. They were also to compile a separate list of 

issues, concerns, or factors that impact the teaching of 

heredity. The teachers were encouraged to use the Benchmarks 

for Science Literacy as resource for coitposing the lists. The 

instructors also asked that middle school teachers speak up 

with their ideas and that high school teachers listen to 

their colleagues ideas. 
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This activity carried on to the twelfth class session 

when the teachers shared one thing they need to change in 

their teaching and one thing they already teach that does not 

need to change when teaching heredity. See TABLE 4.2 for a 

list of topics to change and not to change in their teaching 

of heredity. After sharing their personal ideas, the lists of 

heredity issues and concerns created by the groups from the 

previous class session were compiled and shared with the 

class (see TABLE 4.3). 

Recall, the purpose of the SBLC course was to expose 

teachers to activities and laboratory curricula for secondary 

biology. In doing so, the course also provided opportunities 

for the teachers to reflect upon their own teaching 

strategies and share their ideas with a group of their peers. 

The course instructors designed projects to be completed by 

teachers in a group setting, thereby "forcing" the teachers 

to talk to one another about teaching biology. Activities 

with supporting literature were provided to the teachers to 

use in their classrooms. 

Summary 

The first two courses in the Master's Program curriculim 

were Biology Update 1 and the Secondary Biology Laboratory 

Curricula. Biology Update 1 provided detailed content on the 

topic of Central Dogma within the context of advanced science 

journal articles. The content presented in the course was not 

presented in a sequential order and several teachers had 
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TABLE 4.2 Teacher's Heredity Topics in SBLC 

CHANGE NO CHANGE 

Asexual vs Sexual 
Reproduction 

Mendelain genetics {x5) 

Differential Gene Expression Emphasis on whole organism 

Domestication as a result of 
selective breeding 

Organisms have specific 
traits that are passed to 
following generations 

De-ertphasize mitosis Ertphasis on genetics vs. Just 
environment 

Process of gene expression 

Include more environmental 
and behavioral effects on DNA 
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TABLE 4.3 Heredity Issues and Concerns in SBLC 

HEREDITY ISSUES AND CONCERNS 

Mitosis and meiosis—growth and reproduction respectively 

Punnett squares--leam technique and lose concept 

Eirphasis on terms not concepts 

Personal issues in family research 

Biotechnology/bioethics—preesisting conditions/law—HMO's 

Cultural issues 

Sensitive to students and students to others 
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difficulty keeping up with the content and the pace of the 

course. The SBLC provided content and pedagogical strategies 

associated with teaching mitosis and meiosis. The instructors 

advocated that secondary biology be taught for conceptual 

understanding while also being taught at the molecular level. 

The following two sections present the cases of the 

teachers--Natalie and June. Each case presents the teacher's 

history, beliefs about science, beliefs about learning, 

beliefs about teaching science, and details the genetics 

content each taught. Each case is concluded with an analysis 

of the influencing factors that affected the curriculum which 

was constructed after experiencing the content courses. The 

third section combines the cases of Natalie, June, and the 

course content and presents a model of curriculum influences . 

The Case of Natalie 

Natalie's Historv 

Natalie moved around the country a lot as a child. She 

was born in Nebraska, but attended two different schools in 

the Phoenix area between kindergarten and seventh grade. 

During her seventh grade year, she moved to California and, 

when in high school (after yet another move), she moved with 

her family to V̂ oming. Natalie took junior high science 

classes in California and remembers science as being fun and 

having "loved it". She describes her science classes as 

having very little structure and getting to "play with a lot 
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of different stuff." It was in junior high that she first 

learned the word "hypothesis" and remembers it written on the 

chalkboard just sort of staring at her: "HYPOTHESIS." 

While still in junior high Natalie's family moved to 

another city in California, which meant Natalie had to attend 

another school. She really enjoyed her first school and was 

not looking forward to starting over at a new place. Her 

situation was worsened when she was not allowed to be in the 

honors science class. This not only made her mad but turned 

her off to science. Natalie said that she doesn't remember 

much more about science while she lived in California. Now, 

she still doesn't understand why she wasn't allowed in the 

honors course. She said, "Wouldn't you think anyone who 

wanted to be in honors could be? At least try?" 

After her sophomore year in high school, Natalie and her 

family moved to looming. This move was an unexpected one for 

Natalie, who had just dyed her hair green. She said things 

were awkward at first but her hair returned to it's normal 

red color and she eventually made friends in her new high 

school. She took Biology I and Biology II while in high 

school. Solving Piannett squares was the only memorable 

science activity she remembers. In Biology II, her class had 

a student teacher who lectured, and only lectured. Natalie 

said that she and rest of the class laughed at the student 

teacher a lot because they did not understand what she was 

talking about. Science didn't make sense to Natalie--she 
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couldn't find the "science" in the class activities. She 

recalls looking at pond water under the microscope and 

pretending to see something in the pond water. She never saw 

anything in high school. 

By the time Natalie was getting ready to graduate from 

high school, she had decided to go to a community college. 

She had always known that she would be going to college. It 

was one of those "unspoken" expectations of her parents. But, 

Natalie also had expectations for herself. She did not work 

during high school and did not see herself "flipping burgers" 

for the rest of her life. She saw college as "the way up" for 

her and her future. 

Natalie's first choice for a major was photography. She 

attributed her decision to become a photography major to a 

fear and an intentional avoidance of mathematics. She said, 

"I never really did math well in high school so I just wanted 

to avoid that--I didn't have any continuity when I look 

back." Natalie referred to the several moves and the several 

schools she attended for junior and senior high school. By 

moving every couple of years she did not have the 

"continuity", as she says, across many siibject matter 

disciplines. 

As a photography major Natalie knew she would have to 

take a biology class. At first in the introductory biology 

class, she was experiencing the same difficulties she had in 

high school because the teacher only lectured. But, she was 
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determined to study hard in college, especially when she did 

not understand the material. It was in this biology class 

that Natalie was once again, successful in science. She 

attributes her success to the course's teacher. Before each 

test he would post the questions and the answers so the 

students had only to memorize the information. Natalie 

recalled the experience, "I remember thinking, 'this is 

cheating, but this is great!' and I remember I did well and I 

was successful, and I loved it, and I learned. I was like 

'Man! This is neat. I like science!'" 

Natalie went on to take an anatonv and physiology course 

the next semester and decided to change her major to a 

science related field. She flipped through the college 

handbook, looked up science, and saw 'optometry' and thought, 

"I could be a doctor." So, she was now a pre-optometry major. 

Natalie transferred to the state's university as a science 

major. She took undergraduate biology courses such as: 

biology, anatomy and physiology, genetics, plant anatony, 

plant physiology, ecology, animal behavior and microbiology. 

It was during the last few semesters at the university 

that Natalie realized she really didn't have the resources or 

the grades to get into a medical school. It was then she 

realized that she had always wanted to teach—she could teach 

science and make a difference. When she pictured herself 

teaching, it was at an elementary school. But, by the time 

she decided she was going to be a teacher she was so close to 
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graduating with a bachelors degree in biology that she opted 

for the secondary certification track instead of taking the 

additional requirements for an elementary education 

certification. 

After graduation Natalie enrolled in courses for her 

secondary certification and was in classes up until the time 

of her student teaching. She does, though, remember one field 

experience when she had to teach junior high for one day. 

This was a strange experience for her--the bells and 

switching classes. She had not been in a classroom since she 

graduated from high school. 

As part of her secondary certification, Natalie had to 

take several other biology classes. She enjoyed the "Plant's, 

Agriculture, and Civilization" course and even uses a lab 

from the course in her own teaching. Evolution was a required 

course for certification as well. This course, and the course 

instructor especially, made a huge impact on Natalie as a 

student, as a future teacher, and on her personal self-

esteem. She received a 30% on the first paper in the course. 

This was a huge blow to her; after all, she had graduated 

with a degree in Biology. She thought, "How did I get 30%?" 

She knew it wasn't "A" work, but she had written many papers 

before and not received as low a grade. For the first time in 

her college career, she went to a teacher's office. What she 

heard in that office almost destroyed her, but made her 

confront a part of her she had never let surface. The 
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instructor told Natalie that she couldn't write. "What do you 

mean I can't write?" she asked almost hysterically. "Well, 

you just can't write" was the instructor's response. Natalie 

described her feelings and the events that followed: 

So I got really upset. I don't know how to ask for help. 
I've never been criticized to this extent before, I 
don't know what to think about it, and secretly, I 
believe she's right. I've been faking it all this time 
and she's the one who finally found out. I believed her 
in a way. That's the first time I ever admitted that out 
loud, even to myself....I couldn't write and I'd been 
fooling everybody all along, everybody but her....She 
didn't encourage me at all, didn't leave me with any 
hope. Of course, if I knew I could have written I could 
have found iry own hope....I asked her at that moment if 
she would sign the drop slip, but I don't remember 
getting a positive response. I never went back. I took 
an "F." 

One of the hardest things about this experience for 

Natalie was that at the May graduation ceremony, this 

"instructor" received the "Teacher of the Year" award. But, 

by this time, Natalie had taken several education courses and 

had a good idea about what good teachers do. Natalie realized 

that this instructor wasn't the case of a good teacher and 

tried to leam from the bad example she had set. This story, 

though, created doubt in Natalie's mind that she ever learned 

evolution. 

The evolution instiructor had a definite negative iirpact 

on Natalie, but many of her other college science instructors 

made positive impacts as well. There was the introductory 

biology teacher at the community college who posted the 

answers to the test questions. Natalie said he made her feel 
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successful before she really deserved to. Even in high 

school, she never had felt successful. She had always just 

moved there and picked up on the topic, was more interested 

in boys and was paying only "half attention" in class, or 

never had "good teachers". Natalie felt like she was "making 

it by", but never successfully or to her fullest potential. 

The "A" she received in that first college biology class 

renewed those feelings about science she had in seventh 

grade--feelings she had forgotten. 

Natalie remembered her college chemistry instructor 

teaching the class a trick to remember whether scientific 

notation was negative or positive. Her physics teacher 

assigned 'challenge' problems every week which she "lived 

for" because she could show her engineer boyfriend how smart 

she was by solving the problems. The graduate teaching 

assistant in her plant physiology course was memorable as 

well. It was Natalie's first semester at the university and 

was doing well in the class because she could study and 

easily repeat the information. But, when it came time to 

design a research project in the lab portion of the class, 

Natalie did not have the first clue on how to begin. The TA 

thought of her project for her, told her exactly how to do 

it, and Natalie did exactly what he said. She said she still 

feels like she 'faked it" because they both knew that she 

didn't know what she was doing. This experience was what 

Natalie hated about science research and said she does not 
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thrive on feeling uncomfortable about her abilities. 

Natalie is 30 years old and has been teaching high 

school biology for four years in a rural border town 

commvinity in the southwest. She started her fifth year of 

teaching at the secondary level and could not see herself 

teaching at a lower level. In the past she has taught general 

biology, life science, and most recently has added honors 

biology to her teaching load. This year, Natalie taught four 

sections of general biology, one section of honors biology, 

and took on the school's decathlon team for a sixth-fifths 

teaching load at the high school. In addition to her high 

school position, she also taught two introductory biology 

courses, four nights a week, at the local commiinity college. 

Having taught biology at four different levels Natalie 

doesn't think there is a big difference in what she teaches. 

She says, "My expectations of the students are different, but 

what I teach them, the way I lecture to them and what I tell 

them, [are] pretty much the same." 

For the past three summers, Natalie has engaged in 

various professional development programs for science 

teachers. She sought out these opportunities to do something 

"fun" that would also benefit her in some way. Before taking 

classes in the MPGB, she participated in the University of 

Arizona Medical Ignorance Program and did research at the 

National Labs in Los Alamos, New Mexico. Both of these 

programs devoted time to discussing how the teachers were 
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going to change their classroom teaching as a result of 

attending the siammer programs and doing science research. 

Natalie described what she learned from the two programs: 

What I learned in those programs is how to do a tissue 
culture and how to stain cells and big deal. Nothing 
exactly I'm going to take back. But, what I learned was 
what scientists actually do and before I didn't know. I 
had the white coat picture and even though I had a 
bachelor's degree in biology, I didn't know what they 
did. I had never been in a lab before. So, I brought 
back from ity experience, "this is what they actually do" 
and a lot of stories. 

In many areas of her life, Natalie had low self-esteem, 

and she recognized this fact. By participating in 

professional development programs which focus on science, 

Natalie felt more confident. She said she participated in the 

programs because she was looking for confidence and 

recognition. She considered her three summer experiences as 

"three feathers" which gave her a stature among her peers. 

She explained: 

They think of me differently. Whether I actually do 
anything different in the class or not, I get more 
recognition, and get different types of students. That's 
probably why I got the honors biology classes because I 
did some of these programs. 

Natalie's past experiences in science and her recent 

research experiences influenced her beliefs. The following 

three sections introduce Natalie's beliefs about science, 

learning, and teaching science. 

Natalie's Beliefs about Science 

Admittedly, Natalie knew very little about scientists 
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and 'what they do", before her summer research experiences. 

After having completed several summer research projects, she 

now viewed herself as a scientist and not just as someone 

with a degree in science. But, for Natalie, science does not 

only occur in a research laboratory. Natalie defined science 

as "the world" and does not see much difference between what 

she teaches and her own life. She could go home and watch TV 

and find a science connection to the world, and doubts if 

math and English teachers could do the same. 

Natalie viewed science as having certain rules and being 

orderly. She wanted to convey to her students that science is 

"logical and sensical." I asked her what "sensical" meant and 

she said, "It means the same as logical, but it uses more 

common sense. You stop and think about the world, and why 

things are the way it runs, it's common sense. And you call 

that stuff science!" Natalie defined science as "curiosity 

with answers and how the world works." I asked her if there 

are always answers and she replied, "I think you should know 

there is always a possibility of achieving an answer. Not 

everything has an answer now. I think that is one of the 

coolest things. You can ask a question and that even [that] 

it can be answered—that's cool!" Natalie wanted her students 

to know "there are answers and that not everything is out of 

their control." 

According to Natalie all of the "big questions" in 

science have been answered—questions like "Why does the s\jn 
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shine? Why is the sky blue?" Natalie believed the reason 

scientists are now studying aspects of molecular biology such 

as exons and introns was because they have run out of other 

things to study. She saw topics in molecular biology as "too 

obscure" and thought there were more obvious questions that 

needed to be answered. Unfortunately for Natalie, no one has 

thought of these questions yet. 

Natalie believed science was logical and orderly. Every 

question about how the world works should have an answer--if 

not now, then eventually. Scientist should be more curious 

and creative about asking "bigger questions" and not focus 

their efforts on obscure molecular topics. 

Natalie's Beliefs about Learning 

Natalie's beliefs about learning were heavily dependent 

upon her own experiences as a learner. She described herself 

as a visual learner and preferred when a teacher writes on 

the board or shows pictures on the overhead projector. But, 

she had to write it down and then, rewrite her notes. She did 

this in her genetics class—she would go to work early in the 

morning as a waitress and sit in a booth before the store 

opened and rewrite her genetics notes. She explained: 

There is something kinetic about ity hand moving and 
putting it together and filling in blanks for myself. 
And, a lot of times I pull things together in my 
rewrites and I see how things are connected when I might 
not have seen it in the initial lecture. 

Natalie believed learning does not mean that one can 

recall things instantly. To Natalie, learning was "more of a 
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'do you know where to look or who to ask.'" She applied this 

definition to herself when making a key for a previous years' 

test: 

This is awful! Even when I give a test and I go back the 
next year and find it, and I don't necessarily have the 
key there, I have to struggle through it ... . Part of 
me feels kind of phony for having to do things like that 
and part of me gees, 'that's just the way I learn.' and 
I assiame that's the way a lot of my kids leam. And then 
when I'm right in it and really doing it, I can remember 
the big things, but those little tiny pieces of 
knowledge, who cares?! 

As Natalie accounted in her interview, she was very 

interested in teaching for conceptual iinderstanding rather 

than being "bogged down" in tiny details. This "shying away 

from details" will be explored further in the section titled 

"Natalie's Beliefs about Teaching". 

Natalie said that in addition to being a visual learner, 

she also learned from parroting. This was how she started to 

learn things and still does. This year she founds herself 

saying things in the same manner as the summer instructors. 

Natalie believed parroting is an important part of learning, 

but was skeptical at times. When she heard her own students 

saying the phrases she used she wondered if they really knew 

what it meant or if they were just parroting her. Natalie did 

make one distinction about the phrases she used in class and 

what the students were allowed to parrot. It was important to 

her that she and her students put science terms and 

definitions into "real words" or "into English." Natalie 
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talked about having the students put the content into their 

own words so they could make meaningful connections to their 

prior knowledge: 

I always, always have to put things into real words. I 
never say the textbook definition of anything. "A 
species is where two offspring can reproduce and produce 
viable offspring." Can their kids have kids? You know? 
You still have to put into English. Even at the college 
yesterday when they were reviewing, someone was just 
reading from their notes and parroting me. I said no. I 
don't want you to read your notes. What is it? I said 
put it in English. I can't concentrate, I can't hear or 
focus when somebody speaks to me like that. I have to 
teach myself again later. But, if they talk to me in 
English and common terms making it meaningful, relating 
to things they already know. They're going to leam new 
vocabulary if they know. So I always try to put their 
new vocabulary with real world definitions and then 
hopefully, they'll put it together somewhere in between. 
This, means the same thing as that. 

Again, many of Natalie's beliefs about learning came 

from her own experiences as a learner. For exairple, one topic 

in the Biology Update 1 course was polymerase chain reaction 

(PCR) . Natalie and her group presented a paper in which PCR 

was a procedure used to amplify a segment of DNA. One day, 

Natalie was showing her students a video about forensic 

medicine and the narrator of the video mentioned PCR. It was 

during that video that ECR "clicked" for Natalie. Until that 

point, she did not realize that she did not understand the 

PCR procedure. The information was very technical and she let 

it "pass by" knowing that she didn't understand exactly what 

it was about, but that was okay. Natalie, really did not have 

a need to know. She talked about the recent science courses 
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she took in the MPGB and her need to know: 

They still, even if they don't change who I am on ity 
understanding of things, even if I don't understand 
exactly what is going on with PCR, or there were still 
things that passed by me on some of the Alkaptonuria 
papers. So what? I still feel like I can understand when 
I need to. And just having the confidence of knowing I 
can leam, maybe translates back to iry kids saying I 
know they can have the confidence, I know they can leam 
things when they have to. 

Natalie, in an earlier interview, stated she had gained 

confidence in her students as a result of the SBLC course. 

She stated: 

But, after this summer and most of the stuff from [the 
SBLC] class I did get some confidence in just letting 
them go, they'll figure it out, you don't have to hold 
their hands they can get it. And I gained confidence in 

students this summer--they're not: stupid, they're 
going to figure it out when they have to. That's when 
everybody figures it out--when they have to. And if I 
never make them then they are never going to. And it's 
going to take time. 

According to Natalie, people need confidence in themselves 

and a need to know the new information in order to leam. 

For Natalie, learning had become easier since becoming a 

teacher. She could see the connections and the organization 

of the lecture differently—because she now knew there was 

supposed to be organization. She expected her learning and 

her grades to be linearly related to how hard she was working 

in the siammer courses. In the past, this had always been true 

for Natalie. When she tried really hard she received an "A"; 

when she didn't work as hard she received a "B"; and when she 

didn't do so well she received a "C. But, she realized 
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during the summer courses that this linear relationship does 

not exist in graduate school. Natalie said, "It's not just 

effort. There is some other magic something in there and 

either you get it or you don't." This "magic something" for 

Natalie can be described as personality factors, such as how 

well you got along with the other people you were working 

with, or other factors such as how well you heard directions . 

What Natalie discovered is that the formula is much more 

complex than "effort equals A". But, for her students, she 

saw the "A" as a combination of effort and talent. Natalie 

did not attribute her own success, or lack of it, to her 

talent, but rather to hard work. She said: 

I've heard that the difference between successful 
people—winners and losers—losers attribute their 
failures to things outside of their control and winners 
say that I worked hard for it. And although I work hard, 
I always feel like I could work harder. And although I 
know I'm smart, I feel I could be smarter. And more 
disciplined when I could be more disciplineder [sic] . You 
know! Even though I know I'm doing a good job, I could 
be so much better if I just try harder. But, I'm trying. 

For Natalie, learning and grades were not just a matter of 

intensity. Natalie said doing her best this summer wiped her 

out. It was an unrealistic expectation to study 24 hours a 

day. Even when she tried her best it wasn't always "great" 

and Natalie said that was difficult to take. But, she 

realized she could not do her best work all the time and 

still survive. 
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Natalie's Beliefs about Teaching Science 

Natalie's beliefs about teaching science were evidenced 

in three ways--through the pedagogy and content diagrams, 

through three in-depth interviews, and through her teaching 

of genetics. The first two modes of evidence are presented in 

this section. Natalie's teaching will be presented in the 

section titled "Natalie's Teaching of Genetics." 

On the first day of summer classes Natalie conpleted two 

questionnaires. The first questionnaire focused on topics in 

her content area and the second questionnaire focused on 

pedagogical topics in her teaching. I chose to use a 

variation of the concept mapping criteria developed by Novak 

and Gowin (1984) to evaluate the diagrams. 

The first questionnaire asked that Natalie list and then 

diagram the topics that made up her primary teaching content 

area. Natalie listed "science", "cell", "genetics", 

"evolution", "kingdoms", and "ecology" as her content topics. 

Natalie drew two content diagrams (see FIGURE 4.3) with the 

same set of topics. Her first diagram was an interrelated/ 

web-like diagram and many of the topics were interconnected. 

A definite order or hierarchy was displayed in the diagram. 

"Science as a way of thinking" was written in large letters 

and centered at the top of the diagram. This diagram was 

evaluated using the "less strict" concept mapping criteria 

and scored "91" points. The break down for Natalie's first 

content diagram was as follows: six points, one for each 
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FIGURE 4.3 Natalie's Pre-Content Diagram 
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concept; 15 points, five for each hierarchial level; and 70 

points, 10 for each cross-link. Natalie's second diagram 

contained the same topics but had a "nested" appearance. This 

type of diagram did not lend itself to scoring using the 

concept mapping criteria. 

Upon conpletion of the summer classes, Natalie completed 

a second set of questionnaires. Her second content diagram 

contained the identical set of topics, but was structured 

differently (see FIGURE 4.4). This diagram had a more 

discreet design and had less cross links and interconnections 

and scored 16 points: six points, one for each concept; and 

10 points, five for each hierarchial level. On the second 

questionnaire, Natalie was asked, "Have your views changed? 

If so, how and why?" Natalie's response was, "Not at all--

even if I didn't diagram them the same." 

On the first day of class, Natalie also completed a 

pedagogical diagram. She listed the topics "objectives", 

"assessment", and "assignments (Appropriateness, hands-on, 

management of, grading of, usefulness of, etc.)" as being 

important to her teaching. Natalie's diagram (see FIGURE 4.5) 

was nested, with "Assignments or What's really going on in 

the classroom everyday???" as being the outermost level and 

assessment being the innermost level. Again, this type of 

diagram could not be scored using the concept mapping 

criteria. 

Natalie's second pedagogical diagram completed at the 
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FIGURE 4.5 Natalie's Pre-Pedagogical Diagram 
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end of the summer session was very different from her first 

diagram. Her topics had changed to "sensitivity", 

"challenge", "content", and "critical thought". Again, she 

represented the topics by two different diagrams (see FIGURE 

4.6), both were somewhat nested in nature, but the topics 

were still discreet and not interconnected. Neither diagram 

could be scored using the concept mapping criteria. On the 

second pedagogy questionnaire, Natalie was asked, "Have your 

views changed? If so, how and why?" Her response indicated 

there had been several factors which influenced the change: 

Most definitely--!) Because I've been a student for 5 
weeks and can empathize 2) Because I've learned from the 
modeling of [the course instructors] 3) The content of 
the lab and update class 4) I still think that content 
is a very small part of teaching. 

Her experience as a teacher being a student for the summer 

helped to change her attitude toward and perspective of her 

students. She still sees content as playing a minor role in 

her teaching, but it is a greater role than the non-existent 

role content played at the beginning of the summer. 

Natalie believed that it was her duty as a teacher to 

teach kids how to leam and give them the confidence to know 

they can leam when they need to leam. Natalie realized 

during the summer courses that she needed to "honor" her 

students. To Natalie, honoring her students meant teaching 

them "wherever they're at and not resenting it." Natalie said 

this was difficult for her, especially this school year, 

because she was very busy. She said: 
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I think I'm on top of everything in kind of a minimal 
way, but I'm not really happy with myself this year and 
my attitude toward my students. . . . But the more I do 
stop to talk with them or teach to them or even days 
that I have to lecture all day, I go home from those 
days feeling better about things, rather than other days 
where I just feel impatient because I'm just trying to 
get them to sit still and do something. 

Natalie was still trying to find what was comfortable for 

her. This summer she did gain the confidence to "let them 

[the students] go" and not hold their hands. She believed 

that her students would be able to "figure it out." This 

report was very different from what she described as her 

previous teaching style—she either did not give enough 

directions or was too explicit. 

Recall Natalie's views about science as being logical 

and orderly and how as a learner she was not interested in 

details. These beliefs about science and learning influenced 

Natalie's beliefs about teaching. Because science was 

logical, it could be siitplified by a series of steps or even 

by little "tricks" to remember terms or facts. It was 

iirportant to Natalie that the students see "the big picture" 

and she wanted to help them learn the way she taught herself. 

She explained: 

I try to siirplify and show them the big picture. This is 
what we're doing, this is why. This is how you can 
remember that this is this. I think I do that a lot for 
these students. This is how you can remember, because 
that's how I remember. It's not the way I was taught, 
it's how I learned how to teach nyself. 

To show her students the big picture, Natalie said she 
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taught them "step by step—one little step at a time." She 

tried to show them as many things as she could that were 

related to the topic. Sometimes, she asked them to make the 

connections but said it was very difficult for many of them. 

Natalie said that her strength as a teacher was in being able 

to present a simplified picture of the world from her 

perspective. But, Natalie said that even though she wanted 

the students to come away with the whole concept, it was also 

inportant that they leam details, even though she knew they 

wouldn't remember. Natalie talked about her planning for the 

topic of RNA: 

I think learning how to leam detail is a big part of 
it--even if they're not going to remember it. For 
instance, today I was writing lesson plans about mRNA, 
tRNA and rRNA. And I'm thinking I'll give them a test 
over this in a couple of weeks, and even if I gave them 
the test a month from now, they're still not going to 
get it. They're not going to remember messenger RNA from 
ribosomal RNA. So why I am I doing it? Well, learning 
how to leam is important. And if they go work in 
McDonalds, they're going to need to know how to leam. 
So, I think maybe that's why teachers spend time on the 
specifics. 

Natalie later admitted that she did not remember the 

different types of RNA and was still confused about their 

functions even though it was a topic covered in the summer 

course. This aspect of her science knowledge will be 

addressed in the section "Natalie's Curriculum Influences". 

To help make the connections for her students, Natalie 

told many stories and used humor in her teaching. Many of her 

stories, she explained, came from her own experiences 
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conducting scientific research. These stories not only-

accomplished the task of relaying content in an interesting 

way, but also gave Natalie confidence and credibility with 

her students. 

So what I bring back in general are just my experiences 
from doing higher level things. I think just telling my 
students that I've done these things gives me some 
credibility that I didn't have before. It gives me 
confidence that I faked before but now I really have. 

Obviously Natalie's teaching was influenced by her summer 

research and science courses. But, the meaningful connection 

she atteirpted to make for her students was sparked more by 

connections that made sense to her from her own learning in 

the "real world". 

Natalie had ultimate control of her classroom curriculum 

and what she taught. She was given a copy of the district 

guidelines when she first started teaching and thought 

"You've got to be kiddingl" Fortunately for Natalie, no one 

ever told her she had to teach to the district guidelines. In 

fact, she soon discovered that other teachers in her science 

department "do their own thing" when it comes to teaching 

their courses. Natalie said this is one of the best things 

and one of the worst things about teaching. She liked the 

freedom to choose the topics she is comfortable with and 

understands there was a certain responsibility to teach 

topics that should be covered in the course. What Natalie 

didn't like about the freedom she and other biology teachers 
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had in designing their own curriculum was the lack of a 

smooth transition for students when they transfer teachers. 

But, ultimately, Natalie believed it was iirportant that 

teachers be allowed to focus on their strengths. 

When adding a new topic or additional content into her 

teaching Natalie identified several factors that influence 

her decisions. She first considered her own knowledge on the 

topic and tried to identify "holes" in her knowledge. Natalie 

though, did not have the time to fill in the gaps in her own 

knowledge because of her own time constraints. She did not 

have a planning hour because she was teaching a six-fifths 

load at the high school. Part of her teaching load at the 

high school involved two new courses that required planning 

and teaching from "scratch." She was also on the North 

Central accreditation committee at the high school in 

addition to teaching four nights a week at the community 

college. Natalie said she has not had the opportunity to look 

back at her notes from the sxammer courses, but hoped she 

would have the time before the next school year begins. 

When incorporating new content Natalie also took into 

consideration what the students already knew and what 

vocabulary they would understand. She said she had learned to 

assess students' prior knowledge and ability levels through 

experience. She talked about her experiences when she first 

started teaching: 

They're so polite at first when you're a first year 
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teacher, and you see the blank looks on their faces and 
it is hard to interpret if blank means bored or doesn't 
understand. Because those are two different things. They 
won't ask for it or respond when you ask them if they 
understand, so you find other ways to ask them the same 
question. 

When writing a lesson, Natalie also identified time as 

influencing her planning. She thought, sometimes 

unconsciously, about the amount of time she wanted to spend 

on a particular topic. From experience, she found herself 

unwilling to spend several days on the same topic. Such was 

the case for teaching replication, transcription, and 

translation. Natalie said she used to spend three days on the 

topic but is reluctant to spend that amount of time on the 

topic now because she could see the students "glazing over" 

when she taught it in the past. 

Natalie's Teaching of Genetics 

I consider itYself doing genetics once I start 
replication all the way through phenotype and Mendel's 
work, all the way through human inheritance, sex-linked 
inheritance, showing them how things happen and with 
mitosis and meiosis in there too. They really work well 
after you do replication, transcription, and 
translation. 

At the time of this study, Natalie was teaching genetics 

to her general biology class and her community college class. 

Because Natalie considered the information she teaches to be 

very similar, if not the same, at each level, descriptions of 

her teaching from both levels will be used in this analysis. 

In the following section, many of Natalie's words and 
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classroom events were paraphrased unless they were direct 

quotes taken directly from field notes. Information written 

on the board will be denoted by single apostrophe marks 

('X'). Natalie's drawings and board illustrations can be 

fo\ind in APPENDIX C. The following is an account of Natalie's 

introductory genetics lesson taught to her first hour 

sophomore general biology class. 

In her general biology class, Natalie began her genetics 

teaching by instructing the students to get out paper and a 

pencil for notes on DNA and genes. She asked the class, "What 

do you know about DNA?" One student replied, "It's a chain." 

Another answered, "It's in the blood." Natalie asked, "What 

other cells contain DNA?" and the class responded, "All 

cells!" Natalie then said to the class, "Right! Think about a 

crime scene!" This led to a discussion about blood spatters 

and how detectives look for dead skin cells at crime scenes 

for clues. Someone mentioned the surgery channel and the 

television show "ER" but Natalie brought the discussion back 

into focus and said, "DNA is in every cell. " 

She told the class that they'll leam about DNA today, 

how it is made, and how it makes them different from their 

brothers and sisters or even their parents. DNA gets passed 

down so you get half of your DNA from mom and the other half 

from dad. 

On the board Natalie wrote 'DNA Structure and Function' 

and asked the class "What does DNA stand for? You might need 
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to know this someday!" A couple of students ventured close 

guesses and Natalie wrote 'Deo>;Yribonucleic acid' on the 

board. Natalie began to talk about the discovery of DNA's 

unique shape. 'Watson and Crick-discovered that DNA is shaped 

in a double helix or twisted ladder' "DNA. is three-

dimensional so it is very hard to draw on a two-dimensional 

board. "It's kind of like the siinshades in your car window--

you know, you have to twist them." Natalie expressed she 

wished that she had a model to show the students and then 

remembered she had an overhead transparency. As she showed 

the transparency to the class she said, "The twisted ladder 

is important for when it copies itself during the process of 

replication." 

'Replication—when DNA makes more copies of itself 

Natalie then asked the class, "Why do we need to make more 

DNA?" "When you make more cells" replied one student. Natalie 

joked, "Hopefully I'll just replace old ones because I don't 

want to make any new ones!" 

As Natalie talked, she wrote her words on the board 

verbatim, repeating them often. 'New DNA is made when new 

cells are made. Step 1: The double helix untwists.' Natalie 

explained that DNA is made up of different parts. There are 

'nucleotides--adenine, guanine, cytosine, and thymine. The 

nucleotides are stuck together on the steps by hydrogen 

bonds, and on the rungs of the ladder by phosphate bonds.' 

She drew a siirplified DNA segment on the board to illustrate 
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the bonding (see FIGURE C.l). "This ability to bond 

differently makes copying itself so easy, and it has to be 

easy because we make proteins all of the time. The ladder 

will split down the middle but not down the sides—like a 

zipper!." 'Adenine always bonds to Thymine. Guanine always 

bonds to Cytosine.' "If one side of the ladder has an A or 

adenine, it will bond with what?" The students yell out, 

"thymine!" Natalie practiced this base pair matching on the 

board and asked students to call out the complementary base 

as she wrote it down. 

"Let's go back to Step 1." Natalie drew another DNA 

segment on the board (see FIGURE C.2) . '1. Unwinds self; 2. 

Breaks the hydrogen bond' "I know you hate it when teachers 

do this!" She then erased the hydrogen bonds between the 

bases. '3. New nucleotides float in and pair up with their 

coirplement' Natalie asked students to pair up the new 

nucleotides by shouting out the correct letters. She then 

asked, "What do you need to do now between the old and the 

new half?" and writes on the board, '4. New hydrogen bond 

between old half and new half and draws the results on the 

board (see FIGURE C.3) . One student asked, "How long does 

this take?" Natalie looked at me with an "I don't know" look 

on her face and asked me if I knew the answer. I said, "Well, 

it depends upon where the cells are" and Natalie took over 

from there. She told students that cells in the stomach have 

a higher "turn over" rate then cells in the ear. 
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Natalie moved to the overhead projector and showed the 

class a transparency of DNA during replication. 

See how it starts with one strand, then it splits--kind 
of like a zipper, and makes two new strands. Each new 
strand is half old and half new. The bases must go 
together A to T and G to C. If this doesn't happen 
correctly, we get mutations. It is amazing how often 
it's righti Isn't that cool? 

There are millions of base pairs that make up DNA and it is 

the order of these base pairs that makes you who you are. 

"Have you ever heard of RNA?" The students were silent. 

Natalie asked, "The process of DNA making more DNA is 

called?" "Replication," the class answered. 'Then 

transcription is DNA making RNA.' Below that statement on the 

board is written, 'RNA-ribonucleic acid; 1) A DNA strand 

unwinds; 2) Hydrogen bonds break; 3) RNA nucleotides float in 

and pair up with their complement.' Natalie told the students 

that RNA nucleotides are the same as DNA nucleotides, except 

Adenine bonds with Uracil which replaces Thymine. "So before 

it was A to T. Now it is A to U. She drew a separated DNA 

strand on the board (see FIGURE C.4) and filled in the 

complementary RNA strands. She then said, "In DNA it wants to 

bond those strands back together, but don't do that with RNA. 

It stays single stranded." She wrote steps three and four on 

the board. '4) RNA makes single chain and drifts off; 5) DNA 

strand bonds together again.' DNA is unchanged and is used as 

a mold. The word transcription is from the word transcribe. 

When you transcribe a tape, you write out the words. You're 
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converting it from one form to another. 

Natalie went to the cabinet and retrieved a basket of 

colored clothespins for a demonstration of replication and 

transcription. She wrote on the board 'Red = adenine; blue = 

thymine; green = cytosine; yellow = guanine; white = uracil.' 

She held up a red clothespin and asked the students, "If this 

is for DNA, what is the opposite?" The class responded, 

"BlueI" Natalie connected the pins together and laid them on 

the counter. This continued until there were ten base pairs. 

"Okay, now, transcription! What happens?" Natalie undipped 

the first base pair (A-T) and held up the red clothespin. 

Several students shouted, "Blue!" but others yelled, "No! 

White!" Natalie asked the class for a consensus. "White!" 

"Okay, good!" The demonstration continued until she ran out 

of clothespins. 

After the class, Natalie talked about how she normally 

doesn't use notes when she lectures. "Everything is just in 

my brain so sometimes I use different words in different 

classes." Natalie also presented the information differently 

from one class to the next. On this day, for her second hour 

class, she did the clothes pin demonstration after presenting 

replication, and then again after talking about 

transcription. Natalie described her perception of what she 

taught the first day of her genetics unit: 

I showed them how chromosomes copy themselves. 
Replication. DNA copies itself. I taught them about 
nucleotides and bases. They do, I believe they do have 
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the background knowledge that DNA is a copy of you and 
your blueprint. I think even just through piiblic 
awareness they're kind of aware of what that is. So, I 
didn't give them anymore background knowledge then 
that.... I did show them transcription. They knew how to 
make RNA. 

Natalie's genetics unit lasted several weeks. The remaining 

lessons will be summarized using a combination of field 

notes, Natalie's class notes, and her account of what she 

taught. 

After covering replication and transcription on the 

first day, Natalie moved on to the topic of translation. 

Using her sinplified line drawings on the board, she 

illustrated the process of making proteins. She started with 

a strand on RNA, counting off three bases at a time and 

called each sequence of three on the RNA strand a codon. She 

introduced the term "anticodon" and explained how tRNA brings 

the amino acids to make proteins. After the lesson, Natalie 

talked about her understanding of translation and the 

functions of the different types of RNA: 

Yes, at first I talked about the RNA first, and then I 
pointed back and then later on I said, "The mRNA is the 
one we just made a copy of in the DNA and then the 
transfer RNA..." But I didn't, you know, our book 
doesn't explain them very well. And you know what, I'm 
not even that sure about the RNA's. There's that's 
probably something you wanti I'm not even sure exactly 
about what the lysiA's do. And our book mentions it pretty 
quickly so I just reinforced what the book said, 
"Transfer RNA brings the amino acids in and that 
ribosomal RNA, they're not quite sure, but they're in 
the ribosome.' That's what rty book says. So I pretty 
much reinforced that and didn't want to get them 
confused with other things they'd been reading in the 
book. I've been relying on the book pretty heavily this 
year. They do a decent job and the kids are comfortable 
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working out of the book. 

To reinforce the information, Natalie had the students open 

their books to an illustration of replication, transcription, 

and translation. Natalie liked the book's pictures but said 

they were only worthwhile "if you're good at teaching 

yourself." So, Natalie took an overhead transparency of the 

picture and 'tore it apart" going over each process step by 

step. She did this three or four times asking each time, 

"does this make sense? Do you see it?" Eventually, the 

students, as a class, were able to orally identify the steps 

using the same phrases that Natalie had used. 

After translation, the next topics covered were mitosis 

and meiosis. Natalie started teaching mitosis by drawing a 

cell on the board. The cell contained a nucleus with "DNA" 

written in the middle. She told the class, "This is a cell, 

and there is DNA in the nucleus. DNA copies itself." And she 

wrote another "DNA" in the cell's nucleus. Natalie explained 

to the class how she was going to show them how the nucleus, 

and the cell, split in half to end up with two identical 

copies. Using the previous cell drawn on the board, she 

"pinched" the nucleus in half and then "pinched" the cell in 

half. She said, "See how simple that was? You know how DNA 

makes a copy of itself already, now we just need to see how 

the rest of the cell is going to copy itself." 

Natalie drew a cell with four chromosomes (X X X X) 
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"lined up" in the nucleus and said, "Chromosomes are DNA. Do 

you guys feel okay calling that the same thing?" The students 

seemed agreeable so she continued. She drew spindle fibers 

from the pole of the cell to the chromosomes, but did not 

call them spindle fibers. After the lesson, Natalie described 

her t eaching: 

I said it was like a little fishing line—it reaches out 
there and grabs it and yanks it back! And I didn' t even 
draw the chromosomes just right. I showed them where 
they were pulling the "X"'s back rather then pulling the 
one sister chromatid apart. I showed them pulling the 
whole chromosome apart. And I thought, does it really 
matter? NO! And this is more logical. Does it really 
matter that they know about a sister chromatid? 

The result, drawn on the board, were five circles labeled 

Phase I through Phase IV (see FIGURE C.5) . Each phase also 

had a phrase associated with it. For example. Phase I was "a 

cell just being a cell" and Phase III was "here's where they 

line up." 

To make the transition to meiosis, Natalie asked the 

class, "How inany chromosomes to you have in your body?" 

Eventually, one student called out the right number-- "46". 

Natalie wrote '46' under the Phase I cell and '92' under the 

Phase II cell. She explained how the two resulting cells will 

contain 46 chromosomes, the same number as the parent cell 

from Phase I. She told the students that was how to make 

cells for growth and replacement and then asked her students 

if there were any cells in their bodies that needed only half 

of the 46 chromosomes. Student responses included, "No" and 
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"the stomach." Natalie motioned to her head trying to get the 

kids to think and one student yelled out, "Your brain!" 

Finally, one student asked, "Do you mean sperm and stuff?" 

Natalie exclaimed, "Yes!" and went on to illustrate meiosis 

using the similar presentation as mitosis, not labeling or 

formally naming the phases. 

Natalie mentioned she didn't think the meiosis 

presentation was as successful as mitosis. She attributed her 

lack of success to the student's short attention span by the 

end of the hour. So, she reviewed meiosis the next day adding 

a few more details. She explained how mitosis and meiosis 

were very similar with the exception being in meiosis, "We 

want to get half the chromosome nxomber and we want them to be 

different." Natalie used the analogy of a blender for the 

process of crossing over. (Crossing over is when homologous 

chromosomes exchange DNA segments creating genetic variation 

in gamete cells.) Natalie explained to the class the purpose 

of putting the chromosomes into a blender: 

I say that because we want them all to be different. I 
" you're not like your brothers and sisters right? 

But if your mom contributed identical eggs every time 
and your father contributed identical sperm every time, 
you'd all be the same." "Oh, no!" "So we need to be 
different." "Yes!" 
The next day of class Natalie reviewed mitosis on the 

board and had the students look at prepared slides of Allium 

(onion) root tips. Onion root tip slides commonly are used to 

view mitotic cells because the root tip is one location for 

rapidly dividing cells. The students identified and drew 



122 

cells from the slide that represented the different mitotic 

phases. Natalie reminded the students that there were also 

pictures of the cells in their books and these may be of help 

to them for their drawings. Natalie talked about the 

difficulty of using microscopes in class: 

They have trouble seeing that [the cells] in the 
beginning and it is a little frustrating for me. I 
remember when I first learned how to use a microscope, I 
didn't know how to look for it. And it is hard for me to 
tell them that you have to have imagination. So when we 
were looking at the overhead today I said, "This is 
where you can see the nucleus and you can see the 
chromosomes inside. And you have to have a little bit of 
imagination when you're looking at this stuff, I know 
you think that is cheating, but it isn't. You know what 
you're supposed to see." It's not cheating. Every time 
you're in class and have to do a drawing from a 
microscope your drawing is half imagination of what you 
know it's supposed to be like so your drawing reflects 
that. So we'll probably do that for the first part of 
class tomorrow. I don't know if I can take a whole hour. 
I don't know if I can take a whole hour of teaching with 
the microscope all day. I've noticed with classes of 3 5 
I just can't do it. So I'm going to break that up into a 
couple of days 

Natalie took two days for the microscope lab and showed a 

video of mitosis and meiosis she received from the community 

college, the last half of each day's class. 

Natalie gave the class a test over replication, 

transcription, translation and the phases of initosis. The 

students were also responsible for vocabulary and questions 

about mitosis covered in the book that Natalie did not 

necessarily talk about in class. Natalie commented on the 

questions in the book, "One of the questions is what does a 

spindle fiber do? And the kids are all asking me what a 
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spindle fiber does because the book doesn't cover it well, 

it's one of those hidden sort of answers." Natalie allowed 

the students to use their notes for the test. 

Mendel and Mendelian genetics was the next topic in 

Natalie's genetics unit. She began the unit by talking about 

Mendel's model of inheritance. Natalie introduced the methods 

and reasoning Mendel used when pollinating pea plants in his 

garden. She also talked about Mendel's Law of Segregation. At 

this time, she introduced the terms "alleles", "dominant and 

recessive", "genotype and phenotype", and "homozygous and 

heterozygous". Natalie talked about teaching the students 

"tricks" to remember the vocabulary: 

Genotypes are the genes and what the actual genes look 
like. And [I] show them that the letters [are] for the 
alleles. And alleles are just the letters you assign to 
them, it's not exactly right but close enough. "So 
here's how you're going to remember this," instead of 
teaching them the vocabulary, an allele is this, I 
always, always have to put things into real words. I 
never say the textbook definition of anything. 

Punnett squares were first introduced during this section. 

Students practiced simple single trait (monohybrid) Punnett 

squares such as crossing a homozygous dominant organism and a 

homozygous recessive organism, (GG x gg) ; or crossing two 

heterozygous for a single trait organisms (Gg x Gg). 

Natalie also discussed Mendel's Law of Independent 

Assortment and introduced more cortplex dihybrid crosses such 

as EIRYY X rryy or RrYy x RrYy. Natalie taught her students 

"tricks" such as the "FOIL" method for working the dihybrid 
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crosses and assorting the alleles independently. TOIL" is an 

acronym for "first, outer, inner, last" and is a mathematical 

tool for multiplying binomials. For exaitple, to independently 

assort the alleles "RrYy" using the FOIL method, the first 

(F) alleles of each pair would be combined to form the first 

possible gamete "RY." Then, the outer (0) alleles would be 

combined for "Ry", the inner (I) alleles make "rY", and the 

last alleles form the "ry" gametes. In addition to the FOIL 

method, Natalie taught her students other "tricks" to solve 

dihybrid crosses: 

I teach them tricks like, only work with one letter at a 
time and always put the capital letter first--it doesn't 
matter which one you read first, but always put the 
capital letter first. So I teach them those little 
tricks that you've never read anywhere, but I learned 
while I was reteaching myself 

Natalie liked to have students practice a lot of Punnett 

squares because she thinks they are fun and wants them to do 

problem solving activities that make them think. As practice, 

Natalie made up "silly traits" such as "quiet and loud" or 

"obnoxious and normal" and had the students construct the key 

for which trait is dominant or recessive. 

In addition to teaching conplete dominance, Natalie also 

taught inconplete dominance (she calls this intermediate 

inheritance), codominance (she calls this multiple alleles), 

and polygenic traits. To illustrate intermediate inheritance 

she gave the exanple of crossing a red snap dragon with a 

white snapdragon. The resulting offspring is pink if both 
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parents were homozygous for their traits. 

Natalie used blood and blood typing as an example of a 

trait that was inherited by multiple alleles. She stressed 

that type A and type B are dominant to type 0, but A and B 

are codominant with neither being dominant over the other. 

This codominance resulted in type AB blood. She also told the 

story of going to donate blood and being put in the front of 

the line and getting extra cookies because she has 0 negative 

blood. This is how she introduced the topic of universal 

donors and receptors. 

Polygenic traits are controlled by two or more genes 

which are responsible for a single phenotypic trait. Natalie 

used the example of skin pigmentation in humans which may be 

controlled by at least three separately inherited genes. For 

example, a person with the genotype AABBCC would be very dark 

and a person with the aabbcc genotype would be very light. A 

person whose genotype is AaBbCc would have skin of an 

intermediate shade. Natalie talked about her simplification 

of the material presented: 

I tell them that is a different type of inheritance and 
we're just doing this for fun and that it is not 
necessarily how it is inherited this way. So, I think 
there are many different genes but we're only doing the 
basic sinple type of inheritance. . . .I'm not sure that 
is very satisfying to them, that I can't explain that to 
them. I do explain that not everything is inherited the 
same way, and I think they get that when they realize 
that I'm making some stuff up [like] when talking about 
obnoxiousness versus whatever. 

Natalie also spent time talking about true human traits 
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that follow Mendelian inheritance patterns. She used pedigree 

charts as a method of discussing recessive and dominantly 

inherited disorders in humans. Topics such as genetic 

screening were discussed as well. Sex-linked and sex-

influenced traits were also covered. This brought up the 

topics such as gender determination, color blindness and 

baldness. Natalie also talked about human diseases that were 

the result of chromosome alterations such as Down Syndrome 

and sex chromosome alterations such as Klinefelter syndrome 

in males and Turner syndrome in females. These topics of gene 

expression concluded Natalie's genetics unit. 

The previous four sections presented Natalie's 

experiences, beliefs about science, beliefs about learning, 

beliefs about teaching science and detailed her genetics 

curriculum. TABLE 4.4 outlines Natalie's Beliefs and how her 

beliefs relate to each other. The following section analyzes 

the relationship between Natalie's beliefs, her teaching, and 

her past experiences. Also proposed is a model to illustrate 

the factors that influenced Natalie when she incorporated 

information from the summer courses into her teaching. 

Natalie's Curriculum Influences 

District guidelines existed for Natalie's content area 

of biology, but were viewed as "suggestions" and were not 

mandated by her administration. Therefore, Natalie had 

ultimate control over what was taught in her biology classes. 

Many factors influenced Natalie when she was faced with 



TABLE 4.4 The Relationship between Natalie's Beliefs 

Beliefs about Science Beliefs about Learning 1 Beliefs about Teaching Science 

• science is "the world" • 

f 

learning means using 

"real words" 

learning means making 
meaningful connections 

1 • stories help make content 
interesting and meaningful 

• science 
answers 

is curiosity with • 

• 

learning is knowing where 

to look, not instantly 

recalling information 

learning occurs when you 

have a "need to know" 

1 • Student should explore 
science concepts 

• scientists should focus on 

"bigger questions* 

• details are not important • • content is a small part of 

teaching science 

1 • it is important to teach 
the "big picture" by 
simplifying the content 

• science 
orderly 

has rules and is 1 • science topics are discreet 
and not interrelated 

• science is logical and 

"sensical" 
1 • science can be simplified 

by using "tricks" 

• parroting is an important 
part of learning 

1 • students have difficulties 
making connections 

• a person needs confidence 

to learn 
1 • kids need to know how to 

learn and have confidence 

to know they can 

• need to write things down 
to understand 
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incorporating new content knowledge (from the two MPGB 

courses) into her teaching. These factors, labeled in 

discreet terms, were highly interrelated and are diagramed in 

FIGURE 4.7. The diagram is somewhat hierarchial with "Course 

Content (MPGB)" at the top, "Natalie's Genetics Teaching" at 

the bottom, and the influencing factors in between acting as 

"filters" of the content. The purpose of this section is to 

describe the factors and their relationship to each other and 

how they acted as filters of the biology content Natalie was 

exposed to in the two courses. 

Natalie's Past Experiences and Her View of Self 

Natalie's beliefs about herself and her abilities as a 

result of her past experiences had the greatest influence on 

her teaching and the other influencing factors. Natalie, 

admittedly, had very low self-esteem in several areas of her 

life. She had repeatedly stated that she felt like she was 

"faking it" in her science courses in high school and college 

-- she pretended to see organisms in the pond water, she let 

the plant physiology teaching assistant design her 

experiment, and she felt "busted" about her writing abilities 

in the Evolution course. Natalie never developed a sense of 

confidence or success in her science classes until a college 

instructor allowed her to "cheat" on tests. Recently, Natalie 

participated in science and science research related 

professional development activities to gain a feeling of 

confidence in her abilities. She said that even though these 
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FIGURE 4.7 Diagram of Natalie's Curriculum Influences 

Course Content (MGBP) 

past 
experiences 

science 
research 
experiences 

VIEW OF SELF 

BELIEFS ABOUT 
SCIENCE 

BELIEFS ABOUT 
TEACHING 

BELIEFS ABOUT 
LEARNING NATALIE•S 

KNOWLEDGE 

CURRENT 
RESPONSIBILITIES 

AND TIME 
CONSTRAINTS 

NATALIE'S GENETICS TEACHING 

• siiiplified content • 
• content lacked many-

details • 
• mainly lecture 

presentation 
• taught "tricks" to leam • 

content 

had students "parrot" or 
repeat 
used stories and 
analogies 
used demonstrations 
taught without planned 
notes 
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programs may not change her teaching, they still change who 

she is and her confidence in herself. 

Natalie's View of Herself Influenced Her Beliefs 

Natalie's beliefs about science, beliefs about leaiming, 

and beliefs about teaching were all greatly influenced by her 

view of herself and her abilities. Natalie believed that 

science and science research should only focus on "the big 

picture" and not focus on details. Natalie also defined 

science as "the world" and believed that learning meant using 

"real words." Her own feelings of inadequacy in the content 

area fostered these beliefs and directly related to a 

simplification of content, an absence of detail in her own 

teaching, and an incorporation of stories and analogies to 

make meaningful connections. For exanple, Natalie did not 

teach her students about the enzymes involved in replication, 

transcription, and translation but was able to use several 

analogies when describing the processes. 

Natalie's view of herself as a learner iirpacted the 

teaching strategies and methods of presentation in her 

teaching. Natalie referred to herself as a visual learner and 

used overhead illustrations, and drawings and writings on the 

board in her teaching to help simplify the concepts for her 

students. She also required her students to take notes and 

write down the information she put on the board. She was 

teaching the way she wished she had been taught--the way she 

had to reteach herself. 
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Relationship between New Content. Beliefs, and Teaching 

The content courses had a greater iitpact on Natalie's 

"pedagogical" thinking rather than her "content" thinking. 

The courses provided Natalie a renewed student perspective 

and several strategies to use in her teaching which were 

consistent with her beliefs. This is evidenced by Natalie's 

content and pedagogical diagrams. Her content diagrams were 

very similar—she even used the same topics. Natalie's 

pedagogical diagrams showed the most change. Her focus 

changed from teacher oriented roles and duties to student 

oriented roles and concerns. The detailed science content and 

suggestions presented in the courses was not consistent with 

her beliefs and thus did not have a great iitpact on Natalie's 

knowledge. 

Natalie incorporated content from the courses that was 

consistent with her beliefs. For exanple, the instructors of 

the SBLC course encouraged the teachers to teach conceptually 

and not use the names of the phases when teaching mitosis. 

Natalie agreed with this practice and did not incorporate any 

"advanced" terminology when she taught mitosis and meiosis. 

Philosophically, this suggestion was coitpatible with 

Natalie's beliefs about science, learning, and teaching, so 

the strategy "filtered" through to her teaching of genetics. 

For exanple, she did not use the term "spindle fiber"--

instead, she called it a "fishing wire." By using analogies 

in her teaching, Natalie also demonstrated her grasp and 
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conceptual understanding of the content area and was able to 

represent the content to her students in a meaningful way. 

Also, Natalie did not incorporate content which was 

incongiruent to her belief systems. For example, in the same 

course, the SBLC instructors said that biology should be 

discussed at a molecular level, but Natalie did not 

incorporate this suggestion into her teaching, or into her 

content knowledge base. She believed that molecular topics 

were too obscure and not worthy of study because they are on 

too small of a scale. This in part, was one reason Natalie 

did not remember the differences between the different types 

of RNA. Those details did not fit into her siirplified scheme 

of the "big picture" and therefore did not filter through to 

her content knowledge or her teaching. 

Natalie also did not encourage students to use 

scientific terminology. Rather, she made connections to 

students' prior knowledge and encouraged them to do the same 

by using words from the "real world." This act was somewhat 

contradictory to her statement that she viewed science as 

"the world." For Natalie, scientific terms and definitions, 

especially those at the molecular level, did not fit into the 

"real world." 

Natalie also believed that science had an inherent order 

and logic. According to Natalie, if something was logical it 

could be simplified into steps. This belief is evidenced by 

her use of "tricks" to simplify the genetics content for her 
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students. For exaitple, she used tricks such as Punnett 

squares to solve monohybrid crosses and the "foil" method to 

separate alleles for the independent assortment of gametes 

during meiosis. 

Natalie's Beliefs about Learning and Confidence 

Natalie believed anyone can leam science if they have 

confidence. She tried to teach her students "tricks" to 

remember scientific information so they can be successful and 

have confidence to learn. Recall though, that the SBLC 

instructors suggested the teachers not use "tricks" when 

teaching students about Pxinnett squares. This suggestion was 

not congruent to Natalie's beliefs about teaching and 

learning. The teaching of tricks was reminiscent of her 

experiences as a student—learning tricks from her teachers 

or teaching herself ways to remember the information. Knowing 

tricks gave Natalie confidence in her science abilities. This 

is not to say that Natalie thought her students did not have 

the ability to leam on their own. But, she transferred many 

of her own learning habits on to her students. She realized 

that some students did have natural talent, but that many of 

them would not go on in science. She wanted to provide them 

the tools "to figure it out." 

Parroting was another tool Natalie used as a learner and 

as a teacher. By repeating information over and over, Natalie 

believed her students could leam the content--by rote. The 

students needed some type of strategy because Natalie 
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believed they had difficulties making connections to their 

own prior knowledge. But, Natalie had doubts about the 

effectiveness of the parroting in developing an understanding 

of science concepts. She made references to parroting and her 

own knowledge and understanding of science and how she did 

not always understand what she said when parroting an 

instructor. 

NataliePlanning was Affected bv Her Current 

Responsibilities and Time Constraints 

Natalie's ability to incorporate new content into her 

teaching was ultimately limited by her busy schedule and time 

constraints. Teaching six hours a day at the high school and 

four days a week at the community college had put definite 

boundaries on Natalie's time to spend planning. She also had 

two new preps to teach which added to the mix. Natalie did 

not have time to revisit the detailed content she was exposed 

to in the summer courses. Natalie though, was able to glean 

some of the broader concepts that were covered in the summer 

courses--those which coincided with her established beliefs. 

Natalie's incorporation of new content was influenced by 

her self-esteem, her beliefs about science, her beliefs about 

teaching and learning, her own content knowledge and the time 

constraints placed upon her by teaching an overloaded 

schedule at the high school and teaching four nights a week 

at the commxinity college. 
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Of these factors, Natalie's self esteem had the greatest 

iirpact on the development of her beliefs. Gaining confidence 

was important to Natalie for several reasons. She felt that 

she had "faked" her science content knowledge throughout high 

school and college. For Natalie, having confidence meant she 

could learn science, and, if she could leam science her 

confidence would increase. Despite her accorrplishments, 

Natalie was still doubtful about her abilities and her 

science content knowledge. 

Natalie's doubts about herself as a learner influenced 

her developing beliefs about science. She focused only on 

broad concepts and belittled details. These beliefs about 

science influenced her beliefs about teaching and learning, 

as well as her own knowledge. By viewing science as logical 

and orderly, Natalie could justify reducing and simplifying 

content into a series of steps or tricks. She stated that 

learning was not recalling information immediately, but 

knowing where to look for the information. This belief about 

learning supported her beliefs about science and influenced 

her views about what was important to know about science. 

Because details were not in̂ ôrtant and she did not have a 

need to know details, Natalie did not learn detailed content 

from the summer courses. There was one other factor that 

influenced what content was to be incorporated into her 

teaching. Natalie's teaching load and other time constraints 

had the greatest impact on her time to revisit the 
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information presented in the summer courses. Therefore, the 

only content that "filtered through" was that which was 

incorporated into her knowledge base because it was congruent 

to her existing system of beliefs. 

The Case of June 

June's History 

June was a twenty-five year old native resident of 

Arizona and had lived in the Phoenix area for most of her 

life. She doesn't remember taking science in grade school 

other than a Health class and her first memories of formal 

science classes are from middle school. June recalled having 

to memorize the elements and their symbols in seventh grade. 

In eighth grade she remembered dissecting a frog and looking 

at and classifying rocks. June took Introductory Biology in 

ninth grade and liked it very much. She described herself, 

though, as lazy and having never studied for the class, and 

doing just enough to get by. Looking back, June was sad about 

her lackadaisical attitude and wishes she would have applied 

herself. She felt like she cheated herself and wonders how 

her life would be different today if only she had studied. 

But, science was not always a formal experience for 

June. Her father had a very big impact on her curiosity while 

she was growing up. She described him as "always very 

questioning." He would encourage her to explore the world on 

their frequent outings. On some days, June would play 
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"hookey" from school and go fishing with her father. Science 

became an outdoor activity for June—something fun. She 

described their adventures: 

I learned about things I was interested in and a lot of 
it was outdoor stuff--about animals. We collected 
poisonous black widow spiders and we'd watch their 
mating and eating behaviors. We'd have little black 
widow battles. It was always very fascinating to me and 
iry dad was always very excited about it so that sort of 
instilled an interest in me, but it didn't feel like 
academics. It was never something I had to leam. It was 
fun stuff! 

J\jne would occasionally accompany her father when he 

worked nights in the emergency room--he was a medical 

technician at a local hospital. June would see him working 

with sophisticated machinery and asked a lot of questions of 

her father while he was working. June did not consider these 

science experiences to be very academic either. 

She could really relate to her father when it came to 

science. She said, "It's interesting because he didn't do 

very well in the science classes. But, he was always 

interested in the stuff and that's how I was. I was never 

really good at it, but I always thought it was pretty cool." 

After high school, June began to take courses at a local 

commxjnity college. Not surprisingly, her first major was 

nursing. After taking a few prerequisite courses she 

transferred to a local liberal arts university which accepted 

all of her accxjmulated credits. After transferring to the 

university, June, still planning on becoming a nurse, took 
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the "World of Work Inventory.' Her future mother-in-law was a 

career counselor and gave June the test to figure out what 

career would best suit her. After taking the test, June 

decided to pursue a secondary education degree instead of 

nursing. 

June amassed 30 credit hours in biology toward her 

secondary education degree. She took courses such as desert 

ecosystems, genetics, nutrition, introductory biology, 

botany, zoology, anatorry and physiology, and microbiology. 

Jxine said that three of the biology courses (biology, desert 

ecosystems, and zoology) were taken as independent study 

courses in which she had certain objectives to meet but never 

attended a formal lecture or lab. And although her background 

is varied, June pointed out that she never had a cellular 

biology or biochemistry class in college. 

As part of her requirements for graduation, June had to 

conplete a research paper. She was anxious to get a job 

teaching but didn't complete the paper until September, which 

took her out of the job market for the beginning of the 

school year. June was able to find a science position at a 

small town fifty miles west of Phoenix as a mid-semester 

replacement. The previous teacher had a nervous breakdown and 

had to leave. June finished the remaining three-quarters of a 

year teaching health, general science, and biology--the only 

area she was certified to teach. June was still living in 

Phoenix at the time, driving 50 miles each way, and planning 
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a March wedding. She finished the school year and then 

applied to and was hired by the high school where she 

completed her student teaching. She taught one "C track" 

biology class and the biology portion of a freshman "Science 

Today" course. 

After teaching at the high school for a year, June 

became "surplus" after the school lost one-third of it's 

population to a new high school in the district. June 

transferred to a middle school in the same upper class 

suburban school district and had been teaching seventh grade 

science for three years. She was in her fifth year of 

teaching and enjoys the middle school level. Last year, her 

school received the "Best Middle School in Arizona " award. 

June usually spends her summers teaching science in 

summer school. Taking courses in the MPGB was a definite 

change for June. Not only were these the first graduate 

courses she had taken, June also had to move to Tucson for 

the summer program. This was the first time she had been out 

of town on her own. June did not have a lot of confidence in 

herself as a result of her college education, but she said, 

by taking classes in the MPGB her confidence is increasing: 

I'm starting to feel that I'm approaching the caliber of 
what most biology teachers have as far as education. At 
the beginning of the summer I was not very confident 
because I did kind of take the easy route as far as 
school. If I would have gone to ASU I would have been 
there a lot longer, I would have had to take a lot more 
classes. . . . But ny confidence really has improved. 
When I came back from school this summer, I felt like 
the world was out there! And I can have what ever I want 
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and I can do it! 

Jxine did not describe herself as a confident person, but 

attributed her classroom presence to being "a really good 

actress." June didn't feel as though her peers looked at her 

differently; she thought they had more confidence in her than 

she had in herself. But, June went back to her school after 

the siJinmer program with an increase in confidence. She told 

many of her colleagues how difficult the courses were and how 

hard she had worked. Now, June felt confident that she knows 

more science than her seventh grade students. This was a 

concern for her because she had often been "stumped" by 

questions her seventh graders have asked in class. June also 

shared her summer experiences with her students' parents on 

open house night—giving her a feeling of credibility. She 

said, "They are very supportive and really want to know what 

is going on. I think it helps when they realize this is 

someone who knows what they're doing and they're more apt to 

have faith in me." 

June also felt her credibility increased because she was 

in a master's program that will result in a general biology 

degree—not an education degree. She felt having a degree in 

science could open doors for her in the future. June said 

that even though she enjoys teaching middle school now, she 

may not love it forever. June was interested in keeping her 

options open at this point in her life. With a master's 
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degree she could teach at a community college during summers 

or on weekends. June was married, went to work everyday, 

brought her work home with her, and felt like her life was 

all planned out. By taking courses in the MGBP, she felt like 

she could make a change in both her teaching and her life. 

Although June felt like she had learned a lot in the 

summer classes, she admitted that the Biology Update 1 course 

was especially hard for her. She talked about her 

difficulties with the course: 

I've never taken a cellular biology class. So a lot of 
the stuff was stuff that either I didn't remember or 
stuff that I'd never been exposed to. I always felt 
behind. I just hadn't taken the initiative to really, 
when there was something I didn't understand, I didn't 
go out of it̂  way to look it up. I could've done that and 
I should've done that, but I didn't. . . . I'm not going 
to be a cellular biologist or be working in that area of 
research so I couldn't see me using that field as part 
of thesis. I didn't see a whole lot of relevance. 

June's past experiences with science and her lack of 

self confidence influenced her beliefs. The next three 

sections present June's beliefs about science, learning, and 

teaching science. 

June's Beliefs about Science 

June had two very different beliefs about science that 

coexisted and influenced her actions as a teacher. First, she 

believed science is rigorous and structured. To do science, 

Jxine said one needs critical thinking skills and a mind for 

research. Reading and writing were also valuable coirponents 

of scientific commianication for June. Second, June believed 
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science is fun and exciting. Studying animals and plants was 

interesting and wonderful for June and she viewed these 

activities as science. 

I asked June why she would need to know science if she 

wasn't teaching it to seventh graders. She said: 

There are so many practical uses for science. The whole 
science and technology movement, the purpose is to 
better living conditions and cure people who are sick 
and to find out about different things like the space 
program. But also, there is an inherent curiosity about 
things that as conscious organisms we wonder where we 
came from and why are we here and all of those wonderful 
ponderables. Exploration is part of that and I think 
science is really just exploration. 

For June, science was very structured because of the 

rigors of the discipline yet there was an inherent freedom to 

explore the unknown and answer questions that have never been 

asked. 

June's Beliefs about Learning 

June described herself as an auditory learner, but she 

still had to write things down to remember the information. 

When confronted with a it̂ stifying question or unfamiliar 

content, June usually sought council from her peers or tried 

to look up the answer in a book, although she admitted that 

she did not go out of her way this summer to look up content 

that she did not understand. She knew she was not going to 

become a molecular or cellular biologist so she did not see a 

relevance in learning a lot of the details from Biology 

Update 1. 
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June acknowledged the variety of learning styles of her 

students and that she had to use several strategies to ensure 

all of her students leam. She had students write, talk 

about, read, and listen to each other when learning science. 

She tried to use visual aids in class such as overhead 

transparencies. June described transparencies as easy and 

versatile to use from one class to the next. Also, by having 

the information on transparencies, June is assured that if a 

student is absent he will have the same information as his 

peers. 

It was iirportant to June that students have structure in 

learning content. She used lecture outlines which help 

students take notes—and help her check on their progress. 

Note taking is an area in which June felt her students do 

poorly. She wanted them to leam note taking skills because 

it will be required of them in high school. 

June also felt that her students do not need to leam 

detailed science information in seventh grade because they 

will be exposed to that in high school. Students in the 

seventh grade needed a survey of biology in which they leam 

broad concepts that can be built upon later. She also 

siinplified the science content for the students because 

"there's too much and it's too overwhelming." Science was 

challenging enough for her students even without the details. 

But, June had confidence that her students have the ability 

to leam detailed content, it would just take them a very 
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long tiine--tiine she did not want to spend on details. June 

talked about the possibility of teaching detailed content to 

her seventh graders: 

If I wanted to spend a month on respiration and on 
photosynthesis, they could leam it. But, at this point 
in time it wouldn't mean any more to them. . . .1 just 
don't think it is necessary at seventh grade and it's 
really time consxaming. I could have them memorize just 
about anything but there is not really a point. It's not 
that they can't leam it. It's just that there's no 
reason to. 

It was inportant to Jxine that learning science have relevance 

and meaning to her students--just as it was important in her 

own learning. Science also provided a challenge for students 

that June viewed as healthy and "keeps them going" when 

learning. To maintain the challenge, yet not overwhelm the 

students, June sinplified the content and presented the 

information in a variety of ways. She used lecture outlines 

to provide structure and different activities that challenged 

students yet allowed them to be creative. It was also 

important to June to prepare her students for their future in 

high school and beyond. 

June's Beliefs about Teaching Science 

June's beliefs about teaching science were evidenced in 

three ways—through the content and pedagogy diagrams, 

through three in-depth interviews, and through her teaching. 

The first two modes of evidence are presented in this 

section. June's teaching is presented in the section titled 

"June's Teaching of Genetics." 
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On the first day of summer classes, June listed and 

diagrammed the content topics that she teaches. June listed 

"Microbiology-variety of life", "classification", "cell 

structure/function", "science skills & measurement", 

"botany/ecology", and "disease/health" as topics that make up 

her primary teaching content area. June's first content 

diagram was web-like in nature and contained many more topics 

than she previously listed (see FIGURE 4.8). Using the "less 

strict" scoring criteria, June's first content diagram scored 

"34" points. The break down of the points is as follows: 14 

points, one for each concept (or more specifically, there 

were six concepts and eight exanples at one point each); and 

20 points, five for each hierarchial level. June's map did 

not contain cross-links between concepts. 

June's content diagram at the end of the summer courses 

was quite different from her first diagram (FIGURE 4.9). In 

her second listing of topics she had many of the previous 

topics, but included several of the content topics covered in 

the Slammer courses. Her topic list consisted of "plants", 

"disease", "microbiology", "genetics/evolution", "cell 

structure/ function", "chemistry (basic)", "measurement/lab 

skills", and "classification/diversity." June's second 

content diagram also contained several arrows that linked 

concepts together and iiiplied a directionality of 

relationship. But, not all of the concepts were linked by 

arrows--two relationships consisted of straight lines. There 
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FIGURE 4.8 Jixne's Pre-Content Diagram 

Life Science 
cooperative 
learning 
skills 

•lab skills 
skills 

General 
concepts use of 

microscopes 
measurement 

Variety 
of life structure 

of life 
role of 
organisms 

Plants 
microbes 

classification cell 
structure 

and 
function 

ecology 
disease 
and 

health 



147 

FIGURE 4.9 June's Post-Content Diagram 
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was also a noticeable lack of a definite hierarchy in June's 

second content diagram coitpared to the first. But, 

accompanying this lack of hierarchy was an increase in the 

nxjmber of cross links between concepts in the web-like 

diagram--several concepts had more than one link or 

relationship with another concept. Using the "less strict" 

scoring criteria June's second content diagram scored "59" 

points. The break down of points is as follows: 9 points, one 

for each concept; 20 points, five for each noticeable 

hierarchial level; and 30 points, ten for each cross link 

(microbiology, disease, and genetics) . After June coit̂ leted 

the second content diagram, she was asked on the 

questionnaire, "Have your views changed? If so, how and why?" 

Her reply was, "Yes, because I have a better understanding of 

genetics, I feel more comfortable including it as part of the 

curriculum." 

At the beginning of the suinmer, June also listed and 

diagrammed topics that made up her "irtportant elements/ 

concerns of teaching". June listed the topics "relevance to 

students lives", "high student accountability", 

"challenging", "inquiry based", "problem solving required", 

"active", "fun", and "cooperative." Again, June's first 

diagram was web-like and included several topics not included 

in her list (FIGURE 4.10). June titled the diagram "A Good 

Lab/ Activity" and separated her list into "teacher roles" 

and "student roles" and diagrammed the topics under one of 
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FIGURE 4.10 June's Pre-Pedagogical Diagram 
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the two categories. June's pedagogical diagram scored "21" 

points and is scored as follows: 12 points, one for each 

concept; and 15 points, five for each hierarchial level. 

Jtine's second pedagogical diagram completed at the end 

of the summer courses had some similar elements as her 

previous diagram, but the topics were categorized differently 

(FIGURE 4.11). June listed "current topics", "technology", 

"relevancy", "student centered", "challenging to students", 

•based on standards", and "classroom management" as important 

elements/concerns of her teaching. Both the first and the 

second pedagogical diagrams had the same structural, web-like 

appearance. The central topic in June's second pedagogical 

diagram was "Iirportant stuff!" and topics were divided as 

being either "Approach" or "Content." June's second 

pedagogical diagram scored "25" points. The break down on 

points is as follows: 10 points, one for each concept and 15 

points, five for each hierarchial level. 

After June completed the second pedagogical diagram, she 

was asked on the questionnaire, "Have your views changed? If 

so, how and why?" Her reply was, "No." This was very 

interesting because her diagrams were very different even 

though the scores were similar. June had added a content 

coir5)onent to her second diagram and made "relevancy" a second 

level topic rather than a third level topic associated with 

"teacher roles." Also, in one of the interviews, June said 

she would probably incorporate some of the pedagogical 



151 

FIGURE 4.11 June's Post-Pedagogical Diagram 
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techniques the course instructors had used in the classes. 

So, obviously her views had changed, but she may not have 

realized it at the time of the questionnaire. 

During the interviews, June described her role as a 

teacher as "a PR person for the field of science." A big part 

of her job consisted of creating an interest in science and 

making it fun for her students. June made science fun by 

having students be creative and use their artistic abilities. 

She talked about an activity she has done in the past and 

plans to complete this year: 

Hopefully, we'll have time to dissect a flower this year 
too, but I have them build one. It is a really tough 
task for them. They have to see how it is all put 
together before they can actually build it. They build 
these big posters or dioramas and they have a choice 
about what they do. So, instead of labeling a picture of 
a flower a whole bunch of times and memorizing where the 
parts are, they build one out of different materials. 

June said this idea was one she was interested in because it 

would be fun for the kids, and it would be a new activity— 

something they had never done before. 

Making science fun was not June's sole concern in 

teaching science. June felt that although science can be fun 

she does not want that to be the only way her students think 

of science. June voiced her views on her "other" role as a 

science teacher, "I want to teach them skills and how to 

think. . . . And part of that is making it difficult for them 

because they need to find it challenging." June created 

challenges for her students by "forcing" them to read about 
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science and think about what they had read. It was also 

important to June that her students develop research skills 

and a realistic view of science research in case they decide 

to pursue that in their future. Jxane said: 

I want to give them an exciting view of science but I 
also want it to be realistic and they need to know if 
they are getting into a science related field it is not 
all pouring things into test tubes and seeing what 
bubbles over. There's a lot more to it, a lot more 
critical thinking, a lot more research, a lot more 
reading and writing. They need to know how to 
communicate what they have learned. 

June felt that she can teach her students about the rigors of 

science by having them "do' science as much as possible. She 

said that she shares her experiences with her students, they 

read about what is already known and try to solve problems 

that haven't yet been solved. June believed that science fair 

projects were great sources of experimentation for students 

to practice problem solving. It was also irtportant to June 

that her students have a balance between "fun science" and 

"challenging science." She said about her teaching: 

There are going to be some days that are more structured 
and the kids are being taxed a little more. Other days 
they'll have more freedom and they get to explore more. 
I think that balance is inportant, Because when you give 
them that freedom, they can't appreciate it if they 
don't know what the other view of science is. 

June provided the structure for her students by having 

students take notes on lecture outlines that corresponded 

with the book. June found the lecture outlines to not only 

aid her in spotting information the students may not have 
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written down, but the outlines also help her to get the 

information to students who were absent. By creating the 

lecture outline to correspond to the book chapters, students 

were able to refer to the text for the missing notes. June 

required students to keep their notes and turn them in for 

points at the end of the quarter. 

Jione's beliefs about teaching science were influenced by 

her exposure to the National Science Education Standards and 

The Benchmarks of Science Literacy, two publications used in 

the Secondary Biology Curricula course. These two sources 

were references June looked to for what and how she should 

teach her students. She described how she uses the books: 

I don't have them memorized but, I'd refer back to those 
as far as basic content stuff. They also have good 
things as far as skills. What kids should be able to do, 
not just what they should know. How they would 
demonstrate that. 

But, the Benchmarks and the Standards were just beginning to 

make their impact on June's teaching. June still held on to 

her previous beliefs about what she should teach students and 

why. 

June had the flexibility to teach her own curriculum and 

although June was influenced by the Standards and Benchmarks. 

with the exception of teaching genetics for the first time, 

she was still teaching biology content that was within her 

comfort zone. June explained why she teaches topics she is 

comfortable with: 



155 

You need to know a lot more than what you' re teaching to 
be able to teach well. If you don't have a real good 
understanding, it's hard to explain it in different 
ways. A lot of times with complex sorts of ideas and 
concepts, you have to be able to attack it from 
different directions because of people who don't get it. 
"Think of it this way." If you don't know your topic 
inside and out, you're like, "That's all I know because 
that is what the book said." 

After taking the summer courses, June had more confidence 

that she will know more than her students. Prior to the 

summer courses, June described herself as having a breadth of 

knowledge about biology rather than a depth of knowledge. She 

also felt that for certain subjects, she did not have 

adequate knowledge or resources that stressed important 

information. Last year June did not teach the students about 

the differences between prokaryotic and eukaryotic organisms. 

She explained: 

I don't think I had enough information about it to teach 
my students. I never really thought about the fact they 
don't all have nuclei. Part of it is within the 
textbooks and resources that I use, don't make a big 
deal about it. So, it never clicked to me that this is 
real iirportant. I didn't [teach it] in high school 
either. 

Now that June had more content knowledge, she said she 

still may not teach that information to her students. She 

thought the "extra" information would be more valuable and 

interesting for the students if it was "added in" as part of 

a story. Jiine liked the idea of sharing her experiences with 

her students. She described telling stories that "pop into 

your head" and not holding students accountable for the 
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information. June believed this made science more interesting 

and relevant for her students. 

It was iirportant to June that she teach students 

information they're interested in and content she knows they 

will need for high school. She recalled her own high school 

biology experience and how it applies to her teaching: 

When I got to high school, I felt like everyone else 
knew that from seventh grade and I haven't even heard of 
anything and was really lost. I don't want them to feel 
really lost when they get there. I want them to have 
some basics.... 

For June, the 'PR" person for biology, it was her 

responsibility to teach students things they had not done 

before in science. June communicated with the sixth grade 

science teacher so she's not "beating a dead horse" and found 

out that many of the things that are new for the students are 

also topics she likes to teach: 

They've done a lot of animals in sixth grade and I do 
more microbiology. They don't do much plants and I do 
the whole botany area. So, I'm trying to expose them to 
things they haven't seen and then get a little more in 
depth with stuff they have learned. 

But, June did not want to get "too in-depth" when teaching 

science content. June felt seventh grade students need more 

of a survey of the content--something she is comfortable with 

as well. I asked June what helped her to make decisions about 

the content she teaches and she responded: 

Well, it is partially itiy comfort level. I mean, I've 
never had cellular biology. And from [the Biology 
Update] class, I'm thinking back to transcription and 
translation and I'm thinking, which one is which again? 
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So, obviously before teaching anything new, I go over it 
and make sure I feel comfortable with it. Again, I think 
it is a need to know sort of thing and there is so much 
that they need to know that I think is more critical at 
this point. 

This "critical" knowledge Jione talked about does not 

necessarily relate directly to science content. June found 

out that her students could not perform long division by hand 

when calculating their grades. June also realized that her 

students do not have a vocabulary that would allow her to 

teach detailed science content. She described the experience 

she encountered: 

Yesterday there was a question with the word "obtain" in 
it and I v/ould have never thought that a seventh grader 
wouldn't know what the word "obtain" meant. It was just 
a little bit of a wake up call that they don't have the 
vocabulary that a high schooler would have. 

When planning activities June also took into consideration 

the students reading level, their ability to grasp abstract 

ideas, and how active they will be during the event. This 

information which June referred to as "a wake up call" kept 

her from teaching detailed science content to her students. 

June listed and described many other limitations to 

teaching science effectively. She categorized many of the 

limitations as "classroom stuff." June had 35 students in her 

largest class and from a management perspective, she could 

not give students the freedom during lab activities that she 

had hoped. June mentioned the attention span limitations that 

her students have that often distract them from the topic at 
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hand. June was also limited by the supplies she has available 

for labs and demonstrations. She learned several techniques 

to extract DNA but is unable to perform these for the class 

because of a lack of technology and equipment available at 

her school. And, sharing the materials that were available 

with other teachers was an organizational nightmare. Time was 

an additional factor that limited June's teaching. She said: 

I have such short classes it is very difficult. That's 
why the microscope lab took more than two weeks to do. I 
have 40 minutes at a time and by the time you recap the 
stuff they had questions about the day before. . . Then 
that takes 10 minutes so they only have 25 minutes left 
to work because you got to clean up when you're done. 

Again, despite all of the obstacles, June described her 

goal of teaching science to her seventh graders: 

What I really should be doing is getting them excited 
about science. More than anything, if they have a 
positive experience with me and they leam something and 
feel good about it, they'll be much more likely to 
continue on. 

The previous three sections discussed June's beliefs about 

science, learning, and teaching science. TABLE 4.5 outlines 

these beliefs and strands the relationship between the 

beliefs. 

June's Teaching of Genetics 

I've never done much on genetics because I've never 
really felt comfortable with it. But, after both 
classes, I'm not an expert, but at least I have a clue 
and can teach it at the seventh grade level and have 
enough confidence and knowledge about it to do that 
much. 

This was the first in her five years of teaching that 



Table 4.5 The Relationship Between June's Beliefs 

Beliefs about Science 1 Beliefs about Learning 1 Beliefs about Teaching Science 

• science is rigorous and 

structured 

1 
1 • 

1 
1 

students need to have 

structure 

1 • structure can be given by using 

• lecture outlines 
1 

1 1 • 
1 
1 

content should be 

challenging 

1 • students need research skills 
1 
1 

1 1 • science should be challenging 
' ' and difficult 
1 1 

1 1 • students need a realistic view 
j [ of science 

• science is fun and exciting 1 • 
1 
1 
1 
1 

content needs to be 
simplified and without 
details 

1 • need to create an interest in 
! science for students 
1 
1 

• science is about being 
curious and exploration 

• 

1 
science needs to be 
relevant for learning 

{ • creative activities make science 
1 interesting 

• 

1 1 
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for future needs 

! • presenting new content allows 
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1 
1 • 
1 
1 
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of learning styles 

1 • need to present the content in 
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1 1 • 
1 
1 
1 

students can learn 
details--it would take 
time 

1 • students' abilities limit the 
J activities and content that can 
1 be covered 

• 

1 
i 
1 

answers can be found by 
asking people and 
looking in books 

j • peers and reference books are 
1 important sources of knowledge 

1 
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Jvine taught topics in genetics. In fact, June preferred to 

call what she was teaching "heredity" rather than "genetics." 

In this section, June's words are paraphrased unless they 

were direct quotes taken from field notes. Information 

written on the board was denoted by single apostrophe marks 

('X'). June's drawings and board illustrations are found in 

APPENDIX D. The following section accounts June's teaching of 

heredity during the semester following the summer courses. 

Included in this account is a summary of topics and 

activities as well as a detailed description of a typical day 

in June's class. 

June introduced the topic of DNA during her unit on 

cells. As part of her cell imit, June had the students create 

a cell pamphlet or brochure. The students created a type of 

advertisement for the cell as if it were an amusement park 

and included cellular organelles and be able to describe 

their functions for the pamphlet. Students became familiar 

with DNA as making up chromosomes, being in the cells' 

nucleus, and being responsible for all of the body's 

functioning and characteristics. She received the idea for 

this activity from another science teacher at her school. 

Once she finished the unit on cells and the students had 

been introduced to DNA, Jione began her unit on heredity. She 

began the unit by talking about mitosis. She explained that 

cells divide so organisms can grow and that all new cells 

need DNA. DNA has to reproduce too so each new cell will have 
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identical copies. June did not talk about the different 

stages in mitosis. 

June used overhead transparencies to show the students 

the conplexity of DNA's structure. At this time, she showed 

students pictures of chromosomes and discussed how DNA is 

"wound up in chromosomes. " DNA was also discussed as being 

"the genetic material and controls all of these wonderful 

things." It was then that June introduced the topic of genes 

being found on chromosomes and are represented as alleles for 

characteristics or traits. 

June introduced the concepts of dominance and 

recessiveness by talking about incomplete dominance. June 

defined incomplete dominance on the board for her students: 

'Incortplete dominance results in a third trait because 

neither parent is dominant.' June told the students that to 

be dominant means to be stronger or dominate something else, 

and that is what dominant traits do--they dominate or mask 

the recessive traits. On the board, June wrote: 'Homozygous 

dominant TT; homozygous recessive tt; heterozygous Tt.' She 

defined the prefix "homo" as meaning same and the prefix 

"hetero" as meaning different or hybrid. June then introduced 

the terms "genotype" and "phenotype" by writing on the board: 

'genotype—what genes are present; phenotype—what genes are 

expressed.' She then wrote on the board: 'A capital letter 

symbolizes a dominant gene and a lower case symbolizes the 

recessive gene.' June discussed with the students that the 
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letter "T" was an allele that represented a dominant trait 

for an organism and the letter "t" was an allele that 

represented a recessive trait for an organism. 

After June introduced the vocabulary to the seventh 

graders, she gave them a lab activity and had the students 

investigate the results of inherited traits. The activity 

consisted of three double-sided work sheets outlining 

background information, problem, materials, procedure, 

analysis and conclusions, and critical thinking and 

application sections. In addition to the Preformatted 

sections, there was a table of 17 human traits illustrated 

with examples of the dominant, hybrid, and recessive 

expressions. The "problem" for the lab was "How are traits 

inherited?" Pairs of students, one representing mom and the 

other representing dad, flipped two coins for each of the 17 

traits. Students recorded their tosses and converted a 

"heads" toss as a dominant gene and a "tails" toss as a 

recessive gene. The students then drew pictures of the facial 

features as designated by their recorded tosses. This picture 

was considered the "offspring" of the two individuals. 

June then practiced Punnett squares with her students 

and showed them how crossing two pure organisms can result in 

a hybrid. She also handed out a work sheet titled "Predicting 

Human Traits" which the students had to "cross" two 

individuals, Tom and Mary who are married and planning a 

family. Students had to predict what their children would 
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look like given Tom and Mary's genotypes. Students had to use 

Punnett squares to solve the problems and express the answers 

using percentages. On the back of the work sheet was a 

crossword puzzle review on heredity that the students were 

assigned to conplete. 

On a typical day in June's class, key words and 

definitions are written on the board for the days' lecture. 

Also on the board, are written instructions for the beginning 

of class. On the day after the acti-vity, June wrote on the 

board both notes and instructions for the beginning of the 

period for her first hour class. The instructions for the 

students were: 'Get your chapter questions (#1-10) . Answer 

the following in complete sentences: 1. In meiosis, how many 

cells are formed from the original one? 2. What is the 

function (job) of these new cells? 3. What are these cells 

called?' the notes for the hour were: 'Copy these 

definitions: A. Diploid— a cell or organism in which each 

chromosome is present in duplicate (2 of each) ; B. Haoloid— 

a cell in which there is one of each chromosome, produced 

during meiosis of a diploid.' 

After the bell rang and the morning pledge was said, 

students worked on answering the questions on the board and 

writing their answers in their notebooks. Students began 

looking in the textbook for answers and after several student 

questions, J\ine made the announcement, "Answer number three 

first to help you with number two." June allowed ten minutes 
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for the students to complete the three questions. 

June moved to the front of the room and said, "Meiosis, 

what is it?" One student read the textbook definition: "a 

type of cell division that produces sex cells." June 

responded, "GoodI What are those cells called?" Another 

student replied, "Gametes." June said, "Good! You need to 

know thatl What are the female's sex cells called?" "Eggs!" 

"and the males?" "Sperm." June added to her writing on the 

board: 'gcimetes--sex cells, eggs & sperm. ' She then asked her 

class, "how many gamete cells are made?" Several students 

called out, "Four!" One student expressed concern over the 

pictures in the book that represented the process of meiosis. 

June calmed the student and said, "Don't worry about the 

stages. You'll leam that in tenth grade or ninth grade when 

you take biology. Right now, we need to cover some special 

stuff about meiosis using some plant traits." 

June then moved to the board and drew a Punnet t square 

and asked the class, "When doing Punnett squares, where did 

we put the genes for our parents?" "Outside the square!" 

responded one student. "Okay, let's do an example using pea 

plants. Let's cross a homozygous dominant with a homozygous 

recessive. What does the little "t" represent?" Another 

student said, "recessive." June then said, "Pretend there are 

two separate egg cells and two separate sperm cells. Those 

are the gametes." June drew two circles with capital T's 

inside, on the top of the Punnett square and two lower case 
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t's one each inside two circles with "tails" (representing 

sperm) on the side of the square (see FIGURE D.l). As she 

marked -Tt" inside one of the squares she said, "If this 

sperm fertilized this egg, you'd get. . . 'Tt'. You start off 

with one each and the offspring ends up with two. The parents 

are haploid and contribute one 'T' but the offspring is 

diploid." 

One student interrupted and asked, "Where do the 't's' 

come from?" June responded, "From the parents. How many 

chromosomes are in normal human cells?" The student replied, 

"forty-six." June then asked, "How many will make a haploid 

number?" The student responded "twenty-three." June then 

wrote "egg & sperm" on the board and asked the class for the 

number of chromosomes in each. One female student said there 

were forty-six chromosomes in an egg cell. June jokingly said 

to the girl, "So you're an exact clone of your mom?" The 

students laughed and June wrote "23" under both "egg" and 

"sperm" that was written on the board. June then said, "Egg 

and sperm make the zygote." 

June then switched gears and said to the class, "Let's 

get back to another thing you're having problems with--

dominance and recessive. How many feel comfortable with this 

stuff?" Two students raised their hands. June then explained 

that the students would have the opportunity to work with 

their peers to work on this concept. She then handed out a 

work sheet for an end of the hour activity. The work sheet 
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was double sided and had a different activity on each side. 

Jiane said, 'Start with the "Transparent Traits" side. 

This activity, titled 'Transparent Traits' required 

students to work in pairs and select plastic squares out of 

an envelope. Jiine briefly explained instructions to the 

students: 

In each envelope are little squares of plastic. Some 
squares are colored and others are clear. Make sure you 
look at both sides when you put them together. Also, 
make sure you read the directions. I won't give you 
super-detailed instructions because I want you to read 
them. 

The students paired off and began the activity. They picked 

two squares out at a time and recorded their results. The 

green squares represented the dominant trait and the clear 

squares represented the recessive traits. Students then had a 

series of questions to answer on the work sheet. Most groups 

did not finish the activity before the bell rang. 

While the students were working on the activity, June 

came over to talk to me about the lesson. She said, "I'm 

having the kids do a lot of activities. I'm still not 

comfortable lecturing over this material. And, after the 

lecture today on diploid and haploid, well that didn't go 

well. It didn't flow." 

The next hour, Jione changed her presentation somewhat. 

She added the terms and definitions 'gamete—sex cells 

produced during meiosis (ex: sperm, egg)" and 'zygote--a 

fertilized egg" to the board. She had the students do the 
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activity titled "Dominant and Recessive Traits" foiind on the 

other side of the Transparent Trait work sheet. For this 

activity, students identified from a list of traits, the 

dominant and recessive traits they possessed. 

Next, June introduced pedigree charts to the students. 

She explained the parts of the pedigree chart including 

circles symbolizing females, squares symbolizing males, that 

filled figures expressed the trait, and that clear or empty 

figures did not express the trait. June had the students 

complete a pedigree work sheet and discussed it in class the 

next day. During the discussion she told the students, "I was 

going to give you a review over this, but I'll come up with 

more charts to practice. You're having more difficulty then I 

anticipated so we'll work some more on this later." 

June also told her class that she noticed they were 

confused about the relationship between DNA and chromosomes. 

She turned on the overhead projector and told the students 

not to take notes on this information, but to pay close 

attention. She proceeded to question the students regarding 

the number of chromosomes in the nucleus of a cell. After the 

class agreed there were forty-six chromosomes in the nucleus, 

June showed the class an overhead transparency of a 

chromosome from a karyotype. (A karyotype is a picture of 

chromosomes which are replicated, visible, and in the "X" 

structure.) Jxine told the class to think of a chromosome as 

if it were a telephone cord that has been twisted and 
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knotted. She explained the analogy: 

Think of the cord as being a chromosome, and you start 
to unwind and unwind it. Then take the plastic off and 
there are all of these thin wires inside that are coiled 
up even more. And as you untwist it you find that each 
wire is another set of coils and within them is a spacer 
molecule which keeps it from getting really knotted. 
Then, we keep unwinding and get the ladder. The A, T, G, 
and C are chemicals called nitrogenous bases because 
they have nitrogen in them. You don't have to know that. 
Each one pairs with another and creates a step in the 
ladder. Then you can coil it all back up again and you 
have a chromosome. 

June told the students about "the incredible amount of 

information" in DNA. She also explained that "every three of 

the little letters means something." She created another 

analogy for the sequence of three bases on the DNA molecule. 

Her analogy involved creating a secret language which had to 

be decoded to understand the message. She explained how the 

human body decodes the letters very quickly and brings an 

amino acid which are the building blocks of proteins. June 

talked about the iitportance of proteins for normal body 

functioning--they help you grow, repair your tissue, and 

produce different chemicals. She then used the word "mind-

boggling" to describe the complexity of DNA and chromosomes. 

This concluded June's unit on heredity. 

The previous four sections presented Jxine's beliefs 

about science, beliefs about learning, beliefs about teaching 

science and detailed her genetics curricultim. TABLE 4.5 

outlined June's Beliefs and how her beliefs relate to each 

other. The following section analyzes the relationship 
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between June's beliefs, her teaching, and her past 

experiences and confidence. Also proposed is a model to 

illustrate the factors that influenced June when she 

incorporated information from the summer courses into her 

teaching. 

June's Curriculum Influences 

June had the flexibility to decide what to teach in her 

seventh grade life science class. Many factors existed that 

influenced June when faced with incorporating new content, 

from the two MPGB courses, into her teaching. These factors, 

labeled in discreet terms, were mostly linear in their 

relationship and are diagramed in FIGURE 4.12. The diagram is 

hierarchial with "Course Content (MPGB)" at the top, "June's 

Genetics Teaching" at the bottom, and the influencing factors 

in between acting as "filters" of the content. The purpose of 

this section is to describe the factors and their 

relationship to each other and how they acted as filters of 

the biology content June was exposed to in the two courses. 

June's Knowledge as a Primary Influence 

June's content knowledge was the limiting factor for the 

possibility of any content from the summer courses to be 

incorporated into her teaching. June admitted to not applying 

herself and doing the extra work for the Biology Update 1 

class, which greatly diminished the content she could take 

baĉ  to her students. June's lack of application was 

influenced by her lack of self-esteem about her own content 
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FIGURE 4.12 Diagram of June's Curriculum Influences 

Course Content (MGBP) 

past experiences 
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June's confidence and 
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ABOUT 

TEACHING 

X/ 
"classroom 
stuff" 

XK 
JUNE'S GENETICS TEACHING 

• Siitplified content 

• focused more on 
inheritance, less on 
mitosis and central 
dogma 

used analogies and 
stories 

had many activities in 
addition to class notes 
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background and her beliefs about her own learning. 

June did not have a great deal of confidence in her 

content knowledge and her abilities. She took the "easy 

route" in achieving her certificate and felt like she did not 

have the same level of preparation as other science teachers. 

The lack of preparation did not enable June to form a 

coherent and conceptual view of science and, likewise, this 

affected her content knowledge. She held strongly to her 

previous conceptions of science as being "fun" and "not 

academic." 

The lack of academic preparation also influenced her 

beliefs about her own learning. June was asked "how do you 

learn best?" and her response was that she asked other people 

or looked for the answers in books. But, June also stated 

that she rarely took the initiative to look for answers and 

only did if it was a question someone had asked of her. For 

June, the question or the content had to be relevant to her 

and her needs if she was going to take the time to look it up 

or leam it. This is evidenced in June's comments about 

applying herself in the Biology Update 1 course. She knew she 

wasn't going to be a cellular biologist, so the detailed 

content did not have relevance or create an interest in her 

to leam. 

J\jne's content and pedagogy diagrams were very useful in 

determining what June views as useful or important in her 

teaching. June's second content diagram was noticeably 
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different from her first diagram because she added the 

concept "genetics." June stated on her questionnaire that she 

felt more comfortable including genetics in her curriculum 

after taking the summer courses. Comfort with the content was 

an important factor for June when teaching science. She had 

to make sure that she knew more than her students. 

June's second content diagram also included many cross

links and arrows. The appearance of these items may be 

attributed as being artifacts of the concept mapping lesson 

from the first day of Biology Update 1, although doubtful 

because these do not appear in her second pedagogical 

diagram. These arrows and cross-links may be the result of an 

understanding of the connections between different area of 

science. June's first diagram was discreet with the terms 

being classified as either a "skill" or a "general concept." 

This classification was missing from her second diagram, 

implying that June was beginning to make connections and see 

the inter-relatedness between science areas. 

June's first and second pedagogical diagrams also 

differed greatly qualitatively. Although the structure of the 

diagrams remained unchanged, June's diagrams shifted from a 

"teacher role/student role" categorization found in the first 

diagram, to a 'content/approach" categorization found in the 

second diagram. Her "teacher/student" topics remained, but 

were classified as "Approach" topics. Her beliefs about 

content being relevant were apparent from this diagram and 
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become stronger based upon its' placement in the hierarchy of 

the diagram. June also listed "based on standards" as a way 

to make content relevant. June's beliefs about student 

involvement and students being challenged were still high on 

her list of priorities as designated by the diagrams. 

Again, June stated that she had not changed her 

pedagogical views as a result of the summer courses. She may 

not have realized the differences or been aware of her 

shifting beliefs. June's statements made during her 

interviews agree with both of her pedagogical diagrams . It 

was apparent though, that the summer courses had inpacted 

June's beliefs about content and what content was irrportant 

to teach her students. 

June's Knowledge and Beliefs about Learning and Teaching 

As a middle school teacher, June had beliefs about 

learning that resulted from her previous experiences. June 

realized that her students had a variety of learning styles 

and believed that it was her responsibility as a teacher, and 

a knower of the content, to present the information in 

different ways. To accomplish this task, June believed that a 

teacher had to have a greater understanding of the content 

than her students. It was this factor that kept June from 

teaching genetics before. She did not feel comforteible with 

her own knowledge of the content and therefore skipped the 

topic. June said she still was not totally comfortable 

teaching genetics after teaching it this year. Her being 
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discomfort with content may be responsible, in part, for a 

lack of detail in her teaching. June believed, though, that 

her students could learn detailed content--it would just take 

them a very long time to learn it, and June did not want to 

take the time. Therefore, June felt limited in her teaching 

hy her own content knowledge and the ability of her students 

to leam content quickly. June, though, was not concerned by 

these limitations in her teaching. 

The Relationship between Science. Learning, and Students 

June's beliefs about science were dependent upon her 

past experiences with her father, as well as the amalgam of 

courses she took in college. June's beliefs about learning 

stem partially from her own experiences as a learner, but are 

mainly routed in her experiences with students. 

As a student, June did not have an opportunity to make 

connections between her different biology classes in order to 

develop a sense of the nature of science. She was never 

aware, or made aware of content and science concepts that 

were important to teach. For exaitple, she did not know it was 

important to distinguish between prokaryotic and eukaryotic 

organisms on the presence of a nucleus--which, may be a 

condition of her content knowledge. As a result, she held on 

to beliefs from her childhood--science is fun; and beliefs 

from her college courses—science is rigorous. But, these 

beliefs worked nicely for June as a middle school teacher. 

Many of June's beliefs about learning were influenced 
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not only by her personal beliefs about science but also by 

her experience as a middle school teacher. Many of June's 

beliefs about learning were directly related to her students 

and their abilities. June's belief that science was rigorous 

coincides with her belief that students need to have 

structure when learning challenging content. 

June was concerned about giving her students a realistic 

perspective about science. She talked a great deal about 

providing a balance between structure and f;in for students 

when they leam science. June also believed that science 

should be fun, so she siirplified the science content for her 

students and incorporated many activities that forced 

students to be creative. This simplification and lack of 

detail also corresponded to her belief that learning science 

was important for the students and their future needs. By 

providing a survey of new and interesting science content 

that was relevant to students and their lives, June hoped to 

create an interest in science for her students, not only for 

their high school courses, but for the possibility they may 

become future scientists. 

June's Beliefs about Teaching Science and Her Classroom 

Limitations: The Final Filters 

June's content knowledge and beliefs about science and 

learning greatly influenced her beliefs about teaching 

science. June's classroom practice was motivated by her 

beliefs and the physical classroom constraints in which she 
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worked. 

June believed that science was rigorous and structured 

and therefore, provided opportunities for students to 

experience the structure of science. June had the students 

use lecture outlines when taking notes in class. These 

outlines were "skeletons" and corresponded to the class text. 

June liked this type of structure for the students, not only 

to help their understanding but also to help her keep track 

of their note-taking abilities. Students were also aware of 

the procedures of taking notes and finding notes if they were 

absent. Note taking became a familiar task for the students 

and also saved June time in dealing with the absences and 

missing notes. 

Another way that June made science rigorous and 

challenging for her students was by incorporating a variety 

of novel tasks. These tasks such as "transparent traits" and 

the "how are traits inherited" activities were different 

enough from one another to challenge the students and keep 

the content rigorous. June also incorporated other skills 

such as mathematics, following procedures, data collection, 

and data analysis into the activities to challenge students 

and provide them with a realistic view of science and all the 

hard work it entails. 

In addition to making science challenging and difficult, 

these tasks also fulfilled June's other requirement that 

science be fun and exciting. The tasks and activities June 
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chose during her heredity unit allowed students to tap into 

their creativity and not be limited by the confines of rules 

and procedures. Jxone believed that many of the activities 

made science interesting for students because they were "new 

things" so the students wouldn't be bored. The activities 

were also "hands-on" and required the students to flip a coin 

or draw and color a picture—the students were alv/ays active 

during these times. 

June also tried to create an interest in science and 

find a relevance for the students by using analogies and 

telling stories about her experiences in science. By likening 

the supercoiling of DNA to the wires in a phone cord, June 

was able to relay the complexity of DNA's structure to her 

students while showing them the cord from the phone in her 

classroom. June also told her students about her experiences 

from another course she took in the summer program in which 

she spooled DNA. Students were never responsible for knowing 

the content from the stories or analogies--June just wanted 

to add in the information for interest and relevance. 

To keep science fun and exciting, June did not hold 

students accountable for detailed information she happened to 

present. For exanple, she mentioned the term "nitrogenous 

bases" and quickly said, "you don't have to know that!" June 

also siirplified the genetics content because it was "too 

obscure" and she worried it may bore students and "turn them 

off to science." 
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Jxine's beliefs about teaching science were influenced by 

her content knowledge, her beliefs about science, and her 

beliefs about learning and her student's abilities. But, 

these are not the sole influences June had to consider when 

incorporating new content into her teaching. June categorized 

the other influencing factors as "Classroom Stuff" and it was 

these factors which were the final filter of what was taught 

in June's life science classes. 

June's first concern was the size of her classes. Having 

a large student enrollment created management dilemmas during 

her many activities. The length of individual class sessions 

was also a limiting factor in Jiine's teaching. For labs and 

other activities, there was not enough time to set up, give 

directions, and have students complete their work in a single 

class meeting. The availability of materials and technology 

was June's final limitation. Her school facility did not have 

the equipment she used during the summer, so she could not 

replicate any of the experiments for her students. These 

three "classroom stuff" limitations are factors in every 

teacher's classroom to consider when teaching any content--

new or familiar. And although these factors may not have had 

a great affect on the incorporation of new content into 

June's teaching, they were still the final factors she had to 

consider while teaching her new heredity unit. 

Summary 

June's incorporation of new content into her teaching 
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was influenced by her own content knowledge, her beliefs 

about science, her beliefs about learning, her beliefs about 

teaching science, and limiting factors that June described as 

"Classroom Stuff.' Of these influences, June's content 

knowledge was the primary and most limiting filter of the new 

content. 

June's content knowledge was affected by her lack of 

self-confidence, her beliefs about science from childhood, 

and her beliefs about her own learning. All of these 

experiences allowed June to incorporate into her own 

knowledge base only the content that she found relevant to 

her own needs as a middle school science teacher. And 

although June had hopes of one day teaching at a community 

college, she knew she was not going to be a cellular 

biologist. So, she ignored the details presented in Biology 

Update 1 and allowed only content which was relevant to her 

and her students to filter through. 

June held on to the beliefs about science that she had 

constructed as a child and as a college student. At no time 

in her undergraduate teacher education did June have the 

opportunity to develop conceptual understanding of science 

content. She still viewed science as both rigorous and fun 

and provided opportunities and activities for her students 

that reflected her beliefs. But now, after the suinmer 

courses, she may have developed a better sense of what was 

iirportant to teach her students. June incorporated genetics 
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content into her teaching for the first time in her career. 

And although she was not comfortable with her content 

knowledge on the topic, she was atteirpting to teach it to her 

students and could justify her simplification of the content. 

June was always teaching to her students. What I mean by 

this is that she always took their abilities and interests 

into consideration when teaching. June tried to present the 

content in a way they would understand. She also wanted to 

cover topics they would find interesting and find useful for 

their high school biology classes. She had hopes they would 

find science interesting and pursue it later in life. Middle 

school teaching fit well for June because of her knowledge, 

her beliefs, and her concern for students and their future. 

Influences in Constructing Content 

The purpose of this study was to construct a model that 

depicted the beliefs and other factors that influenced two 

secondary biology teachers as they incorporated newly 

acquired subject-matter knowledge into their planning and 

instruction. The following section takes into account the 

three cases presented earlier in this chapter--the case of 

content, the case of Natalie, and the case of June. A 

comparison between the two teachers beliefs and curriculum 

influences will be presented first and the case of content as 

influenced by the teachers' beliefs and curriculum influences 

will be presented second. Finally a model of secondary 
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curriculum influences is proposed which considers the cases--

combined. 

Natalie and June Compared 

Natalie and June shared many similar beliefs about 

science, learning, and teaching science. Common themes also 

stranded through their beliefs that affected their planning 

and teaching. Natalie and June's shared beliefs and common 

themes are presented in this section as well as in TABLE 4.6. 

Beliefs about Science 

Natalie and June expressed three very similar beliefs 

about science. Both believed that science had an element of 

curiosity, that science had structure and order, and that 

science was "cool" and exciting. 

Both teachers stated that science was being curious 

about the world. By viewing science this way Natalie and June 

wanted to help their students explore the world and look for 

answers. 

Another common belief between the two secondary teachers 

was that science had an inherent structure. Within this 

belief June focused on the rigors and challenges of science, 

whereas Natalie viewed the structure of science as orderly 

and logical. 

Natalie and June also thought science was "cool" and 

exciting. Both of these teachers "liked science" . This is a 

common belief among many secondary science teachers and the 

main reason many pursue positions as a secondary teachers. 



182 

TABLE 4.6 Natalie and June Compared 

Factor Natalie June 

Confidence & 
Content Knowledge 

• Low self-esteem 
• felt that she 

had "faked" 
science 
knowledge in the 
past 

• developed 
"tricks" to 
understand 
content 

• Little confidence 
due to undergrad 
science 
preparation 

• relied upon 
asking others 
instead of 
learning for 
herself 

Past Science 
Experiences 

• Entered community college prior to 
four-year institution 

• Health related major before secondary 
education 

• Took an amalgam of biology courses in 
no particular order 

Past Science 
Experiences 

• Natalie changed 
major late 
Struggled with 
science content 

• Avoided details 

• June took many 
independent study 
biology courses--
"the easy way" 

• Spent time 
exploring science 
in non-academic 
settings 

Beliefs about 
Science 

• Science is about being curious 
• Science has an inherent structure 
• Science is "cool" and fun 

Beliefs about 
Learning 

• Content must be relevant to leam 
• One will leam when there is a "need 

to know" 
• Content should be simplified to 

ensure students leam and have a good 
attitude toward science 

• One can leam by referring to outside 
resources 

Beliefs about 
Teaching Science 

• Students should be allowed to explore 
science concepts 

• students' abilities limit their 
londer s t anding 

• stories and analogies should be used 
to make science meaningful 
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Beliefs about Learning 

Natalie and Jxme also shared similar beliefs about 

learning. Tĥ  both believed that the content must be 

relevant and simplified for their students. For their own 

personal learning, Natalie and June believed that knowing how 

to find and use resources was important. 

Although Natalie and June taught at different levels, 

they shared similar beliefs about learning and the abilities 

of their students, and for similar reasons. Natalie believed 

content needed to be relevant to her students because that 

was how she learned information—if it had meaning for her or 

she had a "need to know". She also siirplified the content for 

her students because she felt they had trouble with detailed 

information—much like herself. June also believed that 

information needed to be interesting and relevant for her to 

learn as well, so, she made attenpts to itake content 

interesting for her students by creating various "fun" 

activities. But, June was also concerned about instilling in 

her students an interest in science so they might continue in 

the field. June had confidence that her students could leam 

detail, and by simplifying the content, she could ensure that 

her students had positive experiences and would likely pursue 

science in their future. 

Natalie and Jione also shared the belief that one can 

look to resources for information in order to leam. Natalie 

stated that learning was knowing where to look and not 
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recalling information from "the top of your head" . Quite 

often Natalie used resources such as the class textbook as an 

indicator of what to teach to her students. Knowing that she 

could look for information from various resources meant she 

didn't have to leam the details. June had a similar belief 

about learning, but hers extended past the classroom text to 

her peers and professional publications. June often sought 

information about 'what to teach" from the other science 

teachers in her building. They shared with June their 

worksheets and activities on genetics so she did not have to 

"start from scratch." June was also introduced to the 

Benchmarks and the National Science Education Standards in 

the SBLC course. She relied upon those professional sources 

for guidance in her selection of content topics that are 

appropriate for middle school science. 

Beliefs about Teaching Science 

Both teachers had many beliefs about teaching science, 

but only three of their beliefs overlapped. Natalie and June 

both believed that students should be allowed to explore 

science concepts; students' abilities in science limit their 

understanding; and stories and analogies should be used to 

make science meaningful. 

Many teachers believe that students should be exploring 

and experiencing science. But this belief is rarely enacted 

in the practice of science teachers. Natalie and June 

believed that students should be "let loose" a bit more in 
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their classes. Natalie talked about having confidence in her 

students to "let them go" but was struggling with 

constructing these experiences for her students due to time 

constraints. June, on the other hand, defined "exploration" 

as introducing students to new content and often used 

activities for her students to explore unfamiliar content. 

Teaching advanced or detailed science content was often 

difficult for the teachers because they felt their students 

would have difficulties. Natalie felt that her tenth graders 

could not make connections between concepts on their own, so 

she made the connections for them by siirplifying the content 

and telling stories and analogies. June thought her students 

could learn the details, but didn't want to take the time 

necessary for that to occur. June then, chose activities and 

content that she thought was appropriate for their level and 

abilities, and that fit into her allotted time frame. These 

activities that June chose for her students were novel tasks 

and fulfilled June's requirements that science be both 

challenging and fun. 

Both Natalie and June relied heavily on the use of 

analogies and stories about their own science experiences. 

They both used analogies to simplify the content and present 

it in terms that were understandable to their students. And, 

by telling stories about their own experiences in science, 

they were able to introduce some advanced content to their 

students—although neither teacher held students accountable 
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for the information. These stories also served as a source of 

confidence for each teacher--they were proud of their 

experiences and the respect their stories evoked from the 

students. 

Natalie and June, although they taught at different 

secondary levels, had very similar beliefs. But, how those 

beliefs played out in the classroom were quite different at 

times. Both teachers used the overhead projector frequently 

and utilized the board for writing notes down for students to 

copy, but Natalie actually illustrated concepts on the board 

more frequently than June. June incorporated more novel tasks 

into her teaching of genetics than did Natalie who performed 

demonstrations for her class. Each teacher was comfortable 

with her own style of teaching. Natalie liked being in 

control of the content, but was trying to let students do 

more exploration. June liked letting students explore while 

she gained more knowledge and confidence in teaching 

genetics. 

Past Science Experiences 

Natalie and June's past experiences in science had a 

great impact on many of their beliefs and actions. Both 

teachers shared common experiences before entering and during 

their respective teacher education programs. And their past 

experiences filtered through to their beliefs about science. 

Upon graduating from high school, Natalie and June each 

entered a community college before transferring to four-year 
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institution. Both also had declared a major in a health 

related profession—Natalie was in pre-optometry, June was in 

nursing. Due to some event, whether it was taking a test for 

professions, or realizing the chosen major was not realistic, 

both women changed their majors to secondary science 

education. 

As part of their secondary science education 

curriculums, Natalie and June took a variety of biology 

courses. But the courses and their content remained very 

separate and discreet topics in the minds of the prospective 

teachers. Neither had the opportunity to make connections 

across biology topics because they randomly took courses 

without a coherent plan of study. This was true for Natalie 

even from her childhood moving from school to school and town 

to town. And in her post-baccalaureate career, she had to 

take biology courses out of sequence because of her late 

decision in becoming a biology major. June did not have the 

opportunity to dialogue with other students or make 

connections because several of her biology courses were 

independent studies. June also mentioned that she took the 

"easy way" when getting her degree and did not feel prepared 

as a science teacher. All of these past experiences of both 

Natalie and June greatly impacted their self-confidence and 

other beliefs—most notably, their beliefs about science. 

The similarities between Natalie and June's beliefs 

about science have been discussed earlier. What was not 
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discussed were the differences between their beliefs. The 

main difference between Natalie and June's beliefs about 

science was the origin of the beliefs. Natalie's beliefs 

about science originated with her struggles with science 

content in college. Once she experienced success in science 

she was able to enjoy science and see the logic and order 

that underlies many science concepts. Her difficult 

experiences in college, her lack of confidence, as well as 

her recent research experiences were also responsible for 

Natalie's beliefs about science content at times being "too 

obscure*. Natalie's beliefs about science remained very 

personal and affected her content knowledge, her other 

beliefs, and her teaching. 

June's beliefs about science originated much earlier in 

life. She was influenced by the time spent with her father 

exploring nature and his work place. June's science courses 

and experience in college did not inpact her beliefs about 

science; thus she held on to her previous beliefs. But June's 

beliefs about science also agreed with her role as a middle 

school teacher. She was able to correlate her beliefs about 

science with the level of her students' ability. June's 

science beliefs became less personal and were used more for 

professional purposes. 

Confidence and Content Knowledge 

Both teachers expressed deficiencies in their self 

confidence and their content knowledge. For both teachers. 
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their confidence directly affected their content knowledge 

and the new content they chose to incorporate into their 

existing content knowledge structures. 

Natalie's self esteem issues grew from her feeling that 

she had "faked" her science content knowledge in high school 

and college- She had very few successes in science and was 

told by one instructor that she couldn't write, and this 

wrecked Natalie's self confidence. To combat her inadequacies 

Natalie developed "tricks" to understand content and the more 

she understood, the more connections she made, and the more 

confidence she gained. 

Much of June's lack of confidence stemmed from her 

undergraduate preparation in science teacher education. She 

felt that she had not taken enough biology courses or had a 

strong biology foundation. Ironically though, instead of 

trying to gather as much content information as she could 

from the summer courses, June relied upon her previous 

learning practice of referring to others or text resources. 

The following section discusses the course content 

presented in the two summer courses that Natalie and June 

incorporated the into their own teaching of genetics. 

Course Content Represented in Natalie and June's Teaching 

The content from the two summer courses impacted Natalie 

and June's teaching of genetics--but in different ways. 

Natalie had taught genetics previously and added the 

pedagogical suggestions from the SBLC course that were 
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consistent with her beliefs, but did not incorporate nor 

revisit the detailed content from the Biology Update 1 course 

into her teaching. However, she gained a confidence in 

knowing she could leam the detailed content. June had never 

taught genetics or heredity before and created a new unit 

using the content and pedagogical information obtained in the 

two summer courses. TABLES 4.7 and 4.8 detail, respectively, 

the content from the Biology Update 1 course and the 

Secondary Biology Curricula course that was incorporated into 

Natalie and June's teaching. 

There was a considerable amount of genetics content from 

both courses that was not incorporated into the teachers' 

curriculum. The incorporation of content from the Biology 

Update 1 course was limited by several factors. First, 

Natalie and June's previous confidence levels, content 

knowledge, and beliefs hindered them from either learning 

detailed content, as in the case of June; or from teaching 

detailed science to their students, as in the case of 

Natalie. June was at a distinct disadvantage in the course 

because she did not have the background in biology nor the 

existing knowledge structures to make meaningful connections 

to her prior knowledge due to her random collection of 

science courses. What resulted in June's teaching was a 

smattering of genetics content that was not presented in a 

way that built student understanding. 

The second factor that limited the incorporation of 



TABLE 4.7 Biology Update 1 Content in Natalie and June' 
Teaching 

(V = present in teaching; V* = present but siitplified) 
Topic Natalie's 

Teachng 
June's 
Teaching 

Central Doama 

Nucleotide structure 

DNA nucleotides V* 

RNA nucleotides 

Differences between DNA & RNA 

number of strands V DNA only 

sugars 

bases V DNA only 

Reolication of DNA V* 

Cell Cycle 

M 

Interphase—Gl, S, G2 

DNA structure V* 

5' to 3' 

antiparallel nature 

DNA helicase 

replication forks 

Okazaki pieces 

DNA polymerase I 

RNA primer 

RNA polymerase 

DNA polymerase II 

DNA ligase 

Transcriotion V 

RNA structure V* 

Three forms of RNA 

rRNA 

3 sizes/s factor 

ribosomes 
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TABLE 4.7 Biology Update 1 Content in Natalie and 
June's Teaching--Continued 

Topic Natalie's 
Teaching 

June's 
Teaching 

mRNA V 

tRNA 

RNA polymerase 

primary mRNA 

exons 

introns 

Translation V 

protein structure V* 

polypeptides 

amino acids V V 

codons V V* 

ribosomes V 

reading frames 

tRNA V 

anticodons V 

condensation reactions 

inteins 

chaperone proteins V* 

Protein Function 

amino acid structure 

amino acid categories 
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TABLE 4.8 SBLC Content in Natalie and June's Teaching 

(V = present in teaching; V* = present but simplified) 
Topic Natalie's Teaching June's Teaching 

Chromosomes V 

made of tightly wound DNA V 

occur in pairs called 
homologous chromosomes 

Cells with both homologues 
are called diploid 

V* 

Cells with one of the pair 
are called haploid 

V* 

Hximan body cells-diploid 
(46) 

V* V 

Human gamete cells-haploid 
(23) 

V* V 

V* V* 

increase number of cells V V 

cell divides into 2 
identical cells 

V V 

replication V* V* 

continuous--four phases 

prophase V* 

metaphase V* 

anaphase V* 

telophase V* 

cytokinesis V* 
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TABLE 4.8 SBLC Content in Natalie and June's Teaching— 
Continued 

Topic Nata1i e's Teaching June's Teaching 

V* V* 

reduces # of chromosomes by 
half 

V V 

involved in sexual 
reproduct ion 

V V 

8 phases V* 

replication, centromere 

meiosis I V* 

2 daughter cells 
(23 X 2 each) 

crossing over V* 

meiosis II V* 

4 haploid daughter 
cells each genetically 
different 

V* V* 

Mendelian Genetics V 

dominance and recessiveness V V 

segregation V 

independent assortment V* 

Genetic crosses V V 

alleles V V 

gene V 

genotype V* V 

phenotype V* 

homozygous V V 

heterozygous V V 

monhybrid cross V V* 

dihybrid cross V 

Punnett square V V 
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Biology Update 1 content into the teachers' planning and 

teaching of genetics was the presentation of the content. The 

content pertaining to Central Dogma was not presented in a 

sequential logical order. This organization created problems 

for the teachers who did not have a strong background in the 

area. Natalie said in an interview after the courses, that 

she was able to fill holes in her content knowledge, but 

chose not to present the material to her students because it 

was too detailed. But June was not able to identify the holes 

in her knowledge about genetics because she did not have a 

foundation for the information. Without a "mental map" of the 

content area, June could not see the relevance of the 

material or incorporate it into her knowledge base. 

Therefore, June's teaching of DNA concepts was quite brief 

and underdeveloped corrpared to the content presented in 

Biology Update 1. 

Content from the SBLC course that focused on the 

teaching of mitosis was also affected by many of the same 

factors as the Biology Update 1 course. Of the two teachers, 

Natalie incorporated more suggestions and information from 

the SBLC course into her teaching. Again, lack of previous 

backgroxind and content knowledge in the area limited June's 

ability to make connections between the new content and her 

prior knowledge. June, though, did teach broad concepts as 

suggested by the course instructors. But this teaching of 

broad concepts can be attributed to her own knowledge level 
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and lack of comfort with the content. 

All of the factors presented thus far have influenced 

the content these two teachers incorporated into their 

existing curriculum. The following section presents a model 

of secondary science curriculum influences based upon the 

cases of Natalie, J\ine and the course content. 

A Model of Secondary Curriculum Influences 

The cases of Natalie, June, and the course content were 

helpful in creating a model of secondary curriculum 

influences that affect new content being incorporated into an 

existing curriculum. The model (see FIGURE 4.13) is shaped 

like a fxonnel with new content entering at the top and 

classroom teaching exiting the bottom. The funnel, which 

represents the teacher's thinking processes, has two major 

components that the teacher must consider when incorporating 

new content: the teacher's internal influences and the 

teacher's external influences. The structural significance of 

the funnel will also be discussed. 

Teacher's Internal Influences 

After new content is 'taken in" by the teacher, it must 

first pass through two majors filters before it can be 

incorporated into the teacher's content knowledge for 

teaching. The two filters, or layers through which the 

content must pass are: 1) a combination of past experiences, 

personal content knowledge, and confidence; and 2) the 

teachers' existing beliefs about science, learning, and 
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FIGURE 4,13 Secondary Curriculum Influences that Affect 
Incorporating New Content into an Existing Curriculum 
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teaching science. 

The first filter through which the "new" content must 

pass consists of a combination of past experiences, personal 

content knowledge, and confidence. Every person has past 

experiences that influence their personal knowledge and 

confidence. For exairple, both Natalie and June did not have 

opportunities during their respective science teacher 

education programs to make connections between biology 

courses, thus affecting their content knowledge and resulting 

in a lack of self-confidence for both teachers. This first 

level is the most limiting of all the levels. By not having 

the "connections" in science before beginning to teach, the 

teachers may be limited to what new content they can 

incorporate into their personal content knowledge. If the 

"new" content presented does not have a place to "fit in" 

with the teacher's prior knowledge, or if the teacher does 

not have the confidence to leam the content, it will not 

pass on or "filter through" to the next level. 

The second level or "filter" receives the "new" content 

that was incorporated into the teacher's personal content 

knowledge. The content passes through the teacher's belief 

system represented by the relationship among beliefs about 

science, learning, and teaching science. As content enters 

this level, it travels around trying to find matches or 

inconsistencies with the established beliefs. Content that is 

inconsistent with the teacher's belief system stays at that 
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level possibly to be considered at a later time. Content that 

matches the teacher's beliefs passes on to the next level to 

be considered as "new" content worthy of teaching. 

It is possible that some new content that did not fit 

into the teacher's personal content knowledge correctly, 

still passed through to be considered and matched to the 

teacher's beliefs. Meaning, the teacher may make invalid 

connections with her prior knowledge, and that "new incorrect 

knowledge" is congruent with her beliefs and passes through 

as teachable content. Also in the case of teachers who are 

required to teach a mandated curriculum, it is possible, but 

not represented in this stuĉ , that content not consistent 

with the teacher's beliefs may also pass through to the next 

level. 

The third level involving the teacher's internal 

influences is their teaching content knowledge. It is at this 

level that all "new" content that fit into the teacher's 

personal content knowledge and is in agreement with the 

teacher's beliefs is considered as content to be taught in 

the classroom. At this point the teacher must make planning 

decisions about what content to teach with respect to her 

external influences. 

Teacher's External Influences 

The teacher's external influences have been divided into 

three categories: student abilities, time constraints, and 

physical classroom limitations. Each of these categories will 
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iicpact each teacher differently, therefore, one category does 

not hold precedence over the others in this model. The 

external influences are arranged in a circular fashion that 

also demonstrates the relationship between the factors . 

The teachers in this study identified students and their 

abilities as a factor, after their own content knowledge, that 

they consider when planning for science teaching. If the 

teacher thought her students could not handle the "new" 

content that she was considering to teach, the content would 

not pass through into her teaching. 

If the teacher thought the "new" content was appropriate 

for students, she would then consider various time 

constraints in teaching the content. The teachers in this 

study identified the length of the class period as a limiting 

time factor. The average class period length for Natalie and 

June was 48 minutes and neither teacher's school had block 

scheduling. As June reported, this is hardly enough time to 

conduct an entire laboratory activity. 

Time factors such as long term planning issues also 

influenced the planning and incorporation of new content. 

Both of the teachers in this study had been teaching for 

three years or more and had an established curriculum. If new 

content was to be taught, some previously taught content must 

be cut because of the length of the school year. Also, time 

needed for creating and planning new lessons was a limiting 

factor for what content filtered through to the next level. 
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Both teachers also had in-school and outside school 

commitinents that affected their planning time as well. 

So, some new content that passes from the higher levels 

down to the "time constraints" level will not pass to be 

considered for teaching. Only new content that fits into the 

teacher's daily and long term planning schemes will filter 

through into her teaching. 

The final factor to be discussed that influenced "new" 

content to be taught were physical classroom limitations. 

Physical classroom constraints such as class size and room 

size affected not only the content, but how the content was 

presented to the students. For example, student laboratory 

activities became teacher led demonstrations because of a 

lack of materials for large classes. As mentioned, materials 

such as lab equipment and technology were also considered 

physical classroom limitations. For exartple, June learned 

some advanced DNA spooling techniques in another summer 

course, but could not demonstrate this protocol for her 

students because she did not have the needed lab equipment. 

This example illustrates how content knowledge can pass 

through all previous levels yet never make it into a 

teacher's classroom practice because of a lack of equipment 

or materials. 

Finally, after passing through many different filters, 

"new content" had the opportunity to be expressed in the 

teacher's classroom teaching. But, once expressed, this new 
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content was not stagnant--it could change in context and 

representation with the teacher's next opportunity to teach 

it. For example, both teachers changed their presentation of 

the genetics content when they felt it did not go well during 

the first hour. In the five minute passing period, each 

teacher revisited the four levels: teaching content 

knowledge, student abilities, time constraints, and physical 

classroom limitations. The result, even in that short time 

period, was a reworking and reteaching of the content in a 

new way. 

This process—new content to classroom teaching--takes 

time. Obviously, the process begins with the introduction of 

new content. Whether immediately, or after revisiting the 

content, the new content begins its' journey into and through 

the teacher's schema. The process may be conscious or 

unconscious depending upon the teacher's personal content 

knowledge, confidence, and beliefs. But either way, the 

process becomes known to the teacher at the level of teaching 

content knowledge. Here, the teacher must plan what and how 

to teach the content. This planning and decision-making may 

occur weeks in advance, or when the bell rings to begin 

class. The content is filtered through factors such as 

student abilities, time constraints and physical classroom 

limitations and the result is the classroom teaching. Once 

taught, the content is again subject to change because of the 

teacher's external influences that came to light after 
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teaching the content the first time. 

Structural Significance 

The model presented, although a general one, lends 

itself nicely to being tailored to individual teachers and 

the quantity of content they are exposed to during 

coursework. As mentioned earlier, the model is composed of 

two major components: the teacher's internal influences and 

the teacher's external influences. The physical structure of 

these two sections, more specifically the angles of sides of 

the "funnel" are subject to change based upon the amount of 

content passing from one level to the next. 

For exaitple, compare the two models illustrated in 

FIGURE 4.14. The sharp angles in the internal influences 

portion of the model on the left indicates that less content 

is able to be considered in the external influences level, 

than is the model on the right. It may be conjectured that 

the teacher, whose model is represented on the left, has many 

internal factors—whether they be beliefs, previous content 

knowledge, or confidence--that are limiting the content from 

being taught, while the other teacher was able to incorporate 

much of the content into her "teaching content knowledge". 

Consider again the same illustrations, paying attention to 

the lower half, or the external influences portion of the 

f\innels. For this case, the funnel on the right has very 

sharp angles resulting in a minimal amount of new content 

being taught, conpared to the amoiint that entered the level 



Figure 4.14 Structurally Alternative Models 
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from the internal influences. This teacher, represented by 

the funnel on the right, had many more external factors which 

influenced the incorporation of new content into teaching, 

while the teacher represented by the funnel on the left, had 

fewer external factors that affected the incorporation of new 

content. 

Funnels representing teachers as they incorporate new 

content will come in as many shapes and sizes as the teachers 

themselves. The shape of the funnel will be a significant 

determinant of what kinds of factors have the greatest inpact 

and influence on teachers as they consider teaching new 

content to their students. 

Summary 

This model represents the factors that might influence 

secondary teachers when incorporating new content into their 

teaching. It considers the teacher's internal factors such as 

personal knowledge, confidence, beliefs and their teaching 

content knowledge; and the teacher's external factors such as 

student abilities, time constraints, and physical classroom 

limitations. This model is limited in scope due to the small 

number of teachers who participated in this study. 

The following chapter presents the conclusions of this 

study and ties the findings to the literature presented in 

Chapter Two. 
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CHAPTER V: CONCLUSIONS AND RECOMMENDATIONS 

In the previous chapter, I presented findings that 

described the factors that influenced two secondary science 

teachers' planning and teaching of newly acquired genetics 

content knowledge. I also presented a model of curriculum 

influences that I constructed after considering the case of 

content, the case of Natalie, and the case of June. In this 

chapter, I present the purposes and methods of this study and 

tie the findings to the literature presented in Chapter Two. 

Finally, I discuss the irrplications of this study for science 

teacher education and make recommendations for future 

research. 

Conclusions 

The purpose of this study was to construct a model that 

depicted the factors that influenced two secondary biology 

teachers as they incorporated newly acquired sxibject-matter 

knowledge into their planning and instruction of an exiting 

curriculum. Previous areas of research on teaching such as 

content determinants, teacher beliefs, and teacher thinking 

and planning provided a fovindation for this study. When 

investigating teachers' incorporation of new content 

knowledge into their practice, studies have yet to be 

coiipleted that integrate the three research areas and focus 
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on secondary teachers. This study attenpted to construct a 

model by considering secondary science teachers and the 

factors that influenced them as they incorporated newly 

acquired genetics content into their teaching. 

Methodology 

This study used a design that was qualitative and 

naturalistic. Qualitative research strategies are flexible, 

making use of the combination of participant observation, in-

depth interviews and document analysis. A naturalistic 

research design errphasizes the collection of data in a 

natural setting, with the researcher as the primary data 

collection instrument. 

Two teachers, one from a middle school and one from a 

high school, were selected as subjects for a comparative 

study. Data were collected in the natural setting (genetic 

courses and teachers' classrooms) using a variety of 

qualitative methods including open-ended interviews, and non-

participant observations. Classroom docviments such as 

quizzes, tests and worksheets served as a source of 

qualitative data. Techniques similar to concept mapping were 

used to gather additional data for qualitative analysis. 

Methods of analytical induction were used to analyze the 

data. 

Qualitative data from each teacher was analyzed by 

organizing the data into topics, codes, and then categories 

based upon predetermined and emergent themes. The categories 
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were analyzed further for patterns and then used to create a 

case for each teacher. Data from each teacher's content and 

pedagogical diagrams contributed to her case. 

The findings of this study were presented in a case 

study format. Case studies provide an in-depth holistic 

picture of the phenomenon within the natural contexts and 

settings. I chose this approach because this study atteir̂ jted 

to create a model that described the beliefs and perceived 

factors that influenced secondary biology teachers' planning 

and teaching of newly acquired genetics content. 

Findings 

Teachers are faced with many complex tasks and 

circumstances in their daily professional lives. Teachers 

have to make decisions about their teaching while considering 

a wealth of factors. External factors are the easiest for 

teachers to identify and plan for because they are often 

tangible or frequently problematic. Often though, teachers 

are not consciously aware of the internal factors that 

influence their teaching. Many teachers are not cognizant of 

their own knowledge structures or beliefs and how these 

factors affect their planning and teaching of content. For 

example, as in Nespor's (1987) findings, the teachers in the 

study identified their beliefs in terms of personal 

experiences or past events and never staced "This is my 

belief." Therefore, the internal factors identified in this 

study can be called "givens" or part of the teachers working 
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schemata used when planning or teaching. This finding agrees 

with Peterson and Comeaux's (1987) and Peterson's (1988) 

assertions that teacher's schemata and internal knowledge 

structures affect their classroom teaching. 

Research on teacher thinking was very broad and did not 

consider all of the components involved in teachers' thinking 

and decision-making processes. This research did, however, 

provide a valuable foundation for future research pertaining 

to determining factors that influence the incorporation of 

newly acquired content into a teacher's planning and 

teaching. Peterson and Clark (1978) found experienced 

teachers to have a well-developed schemata for classroom 

teaching. And although their research did not specifically 

focus on teachers' content schemata, their study indicated 

that the teachers' previous content knowledge does play an 

iirportant part in planning and teaching. 

Before taking on their first teaching position, 

teachers' content knowledge is a direct result of their 

content courses and past experiences with science. Because 

teachers take an amalgam of science courses, it is often 

assumed that they have made important connections between 

science concepts. Obviously, as in the case of Natalie and 

June, this is not always the case. Both did not have 

"complete connections" in their biology content area which, 

in turn affected their beliefs, the way they incorporated new 
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content into their existing knowledge structures, and how 

they taught genetics. 

This finding supports conclusions by Hashweh (1986) and 

Hollon and Anderson (1987), who found that teachers' subject-

matter knowledge affected their classroom teaching behaviors. 

Hollon and Anderson's categorization of teacher orientations 

was useful in matching Natalie and June's content knowledge 

to their instructional repertoires. Natalie had an 

understanding of the main concepts of genetics and would 

therefore fit into the "content understanding" orientation. 

Teachers in this orientation are concerned with passing on 

the information to students and usually present information 

in a lecture format. June had a less developed understanding 

of genetics and could be associated with the "fact 

acquisition" orientation. This orientation is evidenced by 

teachers who eirphasize students' motivation and needs and 

spend time on social activities because of an inability to 

place concepts into a larger curricular framework. 

The teachers' beliefs were also found to influence their 

teaching behaviors. The influence of teachers' beliefs on 

their actions is quite cortplex. The teachers in this study 

expressed very similar beliefs about science, learning, and 

teaching science, yet, at times, had different classroom 

practices. In addition, the teachers had very similar 

classroom practices, but the beliefs behind their actions 
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were different. It is the differences in the context, the 

relationship between beliefs, and the origins of the 

teachers' beliefs that influenced the variable expression of 

new content in the planning and teaching of the two teachers. 

But, both teachers held similar beliefs about teaching 

scientific details to their students and taught in a way that 

was consistent with that belief, regardless of the grade 

level they were teaching. 

This finding is congruent with Abelson (1979) , who 

asserts that the beliefs systems of two individuals may be 

similar, but not identical. Beliefs are very personal and no 

two people can share the same past experiences that shapes an 

individual's beliefs. It reasonable then, that the similar 

beliefs of two teachers may promote both similar practices 

and differing practices simultaneously. 

Findings from this study also support Thompson's (1992) 

assertion that a relationship exists between teachers' 

beliefs and teaching behaviors. Both teachers expressed the 

belief that science was structured and orderly and likewise 

presented science content to their students in a manner that 

exhibited this belief. 

In addition to teachers' knowledge and beliefs 

influencing their incorporation of new content into classroom 

practice, student abilities, time constraints, and physical 

classroom limitations were also identified as influencing 
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teachers' decisions about content to incorporate into their 

teaching. This finding is contrary to the findings of Schmidt 

and Buchmann (1983) who reported school policies as the 

external factors that affect elementary teachers' content 

decisions. The discrepancy between the findings relating to 

external influences can be attributed to the differences 

between mandated curricula at the elementary and secondary 

levels. But, Schmidt and Buchmann, in the same study, 

identified teachers' content knowledge, beliefs, and comfort 

level as internal factors which affected elementarry teachers' 

content decisions. This agreement of findings can be 

attributed to the similarities of the act of teaching at the 

elementary and secondary levels. No matter what level a 

person teaches, he or she has beliefs about content, 

learning, and teaching as well as some level of content 

expertise. And, depending upon the level of content 

expertise, the teacher will have a certain level of comfort 

with the content and confidence in his or her abilities to 

teach the content. 

Teacher knowledge, beliefs, confidence, and other 

external factors have been found to influence teachers as 

they incorporate new genetics content into their teaching. 

But these influencing factors also affect how the new content 

is presented to the class. A teacher with confidence in her 

students, but not so much in her own content knowledge will 
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design more activities for her students than a teacher with 

the respectively opposite qualities. 

Both teachers in this study used familiar tasks in the 

form of note-taking for presenting genetics content. Note-

taking was routine and an expected behavior from students. 

But, June, the middle school teacher incorporated more novel 

tasks into her teaching for several reasons. First, she had 

confidence in her students abilities to complete the tasks. 

Second, she wanted to provide challenges for her students to 

give them a realistic view of science. Third, June was not 

completely comfortable with the genetics content she was 

teaching; thus, giving the students activities that she could 

handle but that still provided a challenge for her students, 

lessened the pressure on her to perform and expose her lack 

of content knowledge. Her choice of novel tasks though were 

not always consistent with the topic or sequence of content 

she was teaching. These novel tasks, as Doyle (1986) 

suggested, interrupted the flow of the content. 

Natalie, the high school teacher, did not incorporate 

many tasks into her teaching. She was very comfortable as the 

"holder of knowledge" and did not have confidence in her 

students' abilities to make connections for themselves. The 

tasks Natalie did use in her teaching of genetics, were no 

longer novel to the students. Students had prior experience 

using the microscope, and even then, Natalie reviewed the 
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proper way to use the equipment without causing dainage. 

According to Doyle (1986) , Natalie had made a once novel task 

of using a microscope familiar by routinizing its' use and 

siirplifying its' operation. These tasks also "stressed" 

Natalie because she had large classes and could not give 

students the individual attention they needed. That is one 

reason Natalie chose to lecture and make demonstrations for 

the whole class. 

Many factors that influence teachers' planning and 

teaching of new genetics content have been identified by this 

study. A model has been generated that identifies these 

factors and considers their relationship within the teachers 

planning and decision-making process. The model revealed the 

iinportance of teachers' internal influences such as their 

personal content knowledge, their confidence in their content 

abilities, their system of beliefs; and their external 

influences such as their perceptions of their students' 

abilities, their time constraints, and their physical 

classroom limitations. This model also attempted to explain 

the relationship between these factors and how they affect 

the teachers' incorporation and presentation of new content 

knowledge into their existing curriculum. 

Recommendations 

Based upon the findings and conclusions of this study. 
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several recommendations can be made for secondary teacher 

education and future research in this area. 

Secondary Teacher Education 

The two secondary science teachers in this study shared 

common deficits in their content knowledge as a result of 

their preservice education. Neither teacher had the 

opportunity as an undergraduate science student, to make 

connections between important concepts within their 

discipline. In fact, one teacher stated that she did not know 

which concepts were important to teach. The model presented 

in this stuĉ  has identified areas for secondary teacher 

educators to consider as they design courses not only for 

preservice students, but inservice teachers wanting to update 

their content knowledge as well. 

Opportunities need to be made available for secondary 

teachers to make these connections in their content area not 

only for their personal understandings, but also for their 

pedagogical understandings. Too often, it is left to the 

secondary methods instructors to accorrplish this task, but 

this is not the appropriate arena. Preservice teachers should 

have a strong content foundation before entering their 

methods classes so they may leam the pedagogical strategies 

necessary to teach their content. Inservice teachers entering 

update courses should be required to pass content tests not 

only to prove their content knowledge, but more importantly 
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so they are not overwhelmed by advanced inaterial. If the 

teachers do not pass the content test, they should be 

required to enroll in "refresher" courses to bring them up-

to-speed in the content area so they may better incorporate 

the advanced content. 

For prospective and inservice science teachers, these 

opportunities could take the form of courses aimed 

specifically at the development of building connections 

between science concepts, or research experiences that build 

conceptions of the nature of science. Teachers could also be 

exposed to the National Science Education Standards and the 

Benchmarks for Science Literacy as guidelines for building a 

conception about the nature of science. 

With an adequate and "connected" content background, 

secondary teachers would be able to determine topics that are 

iirportant to teach their students. They would also be able to 

incorporate detailed or advanced content into their existing 

knowledge structures more easily than if they did not have 

the backgroxind knowledge. 

Preservice and inservice secondary teachers often are 

not aware of their existing beliefs about their content area 

or about teaching and learning. Secondary educators should be 

aware of their students beliefs and help preservice and 

inservice teachers become aware of their beliefs by using 

journaling and content oriented activities which challenge 
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the teachers to reflect and analyze their beliefs. By 

becoming aware of their beliefs about teaching, learning, and 

their content area teachers would have the opportunity to 

create a better informed and consistent practice. 

Therefore, teacher education programs need to provide 

secondary teachers opportunities to build a strong content 

knowledge foundation during their undergraduate careers. The 

programs also need to help teachers develop a strong system 

of beliefs which support an exeirplary teaching practice. If 

teachers have a strong content knowledge and a strong system 

of beliefs, they will be better able to incorporate into 

their teaching content appropriate for their students. 

Having a well developed belief system and strong content 

knowledge will not guarantee that teachers will be able to 

incorporate the new content into their teaching. As 

identified in the model of secondary curriculum influences, 

the teachers also must consider the external factors which 

may limit the content that reaches the students. Secondary 

teacher education programs must develop mechanisms to help 

teachers to overcome these obstacles. One suggestion for 

science teachers is to introduce them to inexpensive 

materials for laboratory activities that can be found in the 

local market. But, it may also be true that the greater 

content knowledge a teacher has, the more likely the external 

influences may not play as large a role when teaching new 
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content. The teachers, as a result of updating their content 

knowledge, may make pedagogical connections as well and 

develop their own strategies for dealing with the external 

factors that have been identified in the model. 

Future Research 

The model generated by this study only touches the 

surface of the conplexity involved when teachers consider 

incorporating new content into their teaching. There are 

several recommendations for future research, which relate to 

examining and exploring the validity of this model. 

First, the model was based upon the case studies of two 

secondary biology teachers. Future research needs to explore 

teachers of different grade levels and different content 

areas and how this model explains their internal and external 

influences when incorporating new content into their planning 

and teaching. 

Second, the two teachers upon which this model was based 

had feelings of inadequacy in their content area which led to 

low self-esteem. How this model explains teachers with well 

developed content knowledge and high self-esteem incorporate 

new content into their teaching needs to be explored in 

future research. 

Finally, this study also exposed the relationship 

between teachers' past experiences in science and the 

development of their content knowledge and beliefs. Future 
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research needs to further explore the relationship, origin, 

and evolution of teachers' content knowledge and beliefs and 

how these factors affect their classroom practice. 

This stuĉ  attempted to identify the factors that 

influenced teachers' planning and teaching of newly acquired 

content knowledge. Valuable knowledge has been gathered 

regarding the understanding of what affects the relationship 

between teachers' thinking and actions. Of course, further 

research is needed before we can ever fully understand and 

create a model that considers all of the possible factors 

that influence teachers' instruction of new content. 
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APPENDIX A: Detailed Content from Biology Update 1. 
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The Players 

The story of 'Central Dogma" is best told by introducing 

the main characters DNA and RNA. DNA (deoxyribonucleic acid) 

and RNA (ribonucleic acid) are complex organic molecules 

called nucleic acids. Each is made up of repeating units 

called nucleotides. DNA is made up of two long strands of 

nucleotide monomers and RNA is made up of one strand of 

nucleotide monomers. 

Each nucleotide has three parts: a five carbon sugar, a 

phosphate group, and a nitrogen base (See FIGURE A.l) . The 

sugar and the phosphate group form the "backbone" of each 

long strand (See FIGURE A.2) . There are four different 

nitrogen bases that are available to make a DNA nucleotide. 

These bases are adenine, guanine, cytosine, and thymine. RNA 

nucleotides also contain one of four nitrogen bases, three 

which are identical to the bases used in DNA nucleotides 
$ 

(adenine, guanine, and cytosine) and one, uracil, which is 

unique to RNA nucleotides. Thymine is not present in RNA. 

These nitrogen bases will bond with one another, but only in 

a specific way. Cytosine will always, and only, bond with 

guanine. Adenine will only bond with thymine in DNA, and, 

adenine will only bond with uracil in RNA. 

So, DNA and RNA differ in three distinct ways: the 

number of strands, the type of sugar cortposing the nucleic 

acid, and the nitrogen bases. DNA is a double stranded 

nucleic acid while RNA is single stranded. The double 



FIGURE A.l Nucleotide Structure 
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FIGURE A.2 A Segment of Double-Stranded DNA 
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stranded nature helps DNA to wind and "supercoil" around 

protective proteins preserving the genetic code from 

digestive enzymes. This is important because each cell has 

only one copy of DNA. If anything were to destroy or mutate 

the DNA, severe damage or death of the cell may result. 

Single stranded RNA is easily digested by ribonuclease 

enzymes found in the cytoplasm of the cell. This occurrence 

does not present major problems for the cell because more 

copies of RNA can be made from the DNA template. The sugar in 

DNA is called deoxyribose, hence the name Deoxyribo-Nucleic 

Acid. RNA contains the sugar ribose. Both of these are five 

carbon sugars with the only difference being that DNA is 

missing an oxygen (de-oxy) on the 2' carbon molecule (Figure 

A.2). The final difference between DNA and RNA is the fourth 

nitrogen base available to conplete the potential nucleotide. 

Both DNA and RNA nucleotides may contain one of four nitrogen 

bases. The bases common to both are adenine, guanine, and 

cytosine. DNA nucleotides may contain thymine while RNA 

nucleotides may contain uracil. The main difference between 

uracil and thymine is that thymine is methylated (it has an 

additional methyl group). 

Replication of DNA 

During times of cell growth and division, it is 

necessary for new cells to have their own genetic material. 

These new cells will have identical copies of DNA from their 

parent cell. Therefore, there must be a reliable mechanism 
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for DNA to make an exact copy of itself. This process is 

called replication. 

There are four phases in a normal eukaryotic cell cycle 

(FIGURE A.3) . For a single cell, this cell cycle may take 

anywhere from minutes to years depending upon the location of 

the cell and the type of organism that it belongs to. In 

regularly dividing cells, the four phases of the cell cycle 

are: the mitotic (or nuclear dividing) M phase and an 

interphase between divisions that consists of three stages, 

G1 (gap 1) , S, and G2 (gap 2) . During Gl, the cell prepares 

for DNA and chromosome replication, which take place in the S 

phase. In G2, the cell prepares for mitotic division, or the 

M phase. 

It is during the S phase of the cell cycle that DNA 

replicates making an exact copy of itself. Recall, DNA is a 

doxjble stranded nucleotide. Because of it's parallel nature, 

the two strands are arranged in an anti-parallel nature 

(FIGURE A.2) . On one strand, the 5' (five prime) carbon on 

the sugar bonds with the phosphate group on the same 

nucleotide and the 3' (three prime) carbon bonds with the 

phosphate group on the adjacent nucleotide. On the second 

strand, the arrangement and bonding of the nucleotides is the 

same, but the strand is "flipped" so the 5' end of the first 

strand will bond with the 3' end of the second strand. DNA 

has often been called a "twisted ladder" because of this 

arrangement. The sugar and phosphate of each nucleotide form 



FIGURE A. 3 The Cell Cycle 
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the sides of the ladder and the nitrogen bases form the 

r\ings. 

The replication of DNA is solely dependent upon enzymes 

and understanding this orientation of DNA is essential to the 

replication process because DNA can only be copied in the 5' 

to 3' direction. No enzyme has been found that can go 3' to 

5'. The first enzyme involved in replication is DNA helicase. 

This enzyme is responsible for breaking the hydrogen bonds 

between the nitrogen bases of the molecule. When the hydrogen 

bonds are broken, the DNA molecule essentially "unzips" 

separating the sides of the ladder and exposing the nitrogen 

bases (FIGURE A.4). This creates replication bubbles or 

forks. 

The process of replication can not be completed at once. 

Because DNA is such a large molecule, there must be many 

origins of replication. This process is coirplicated even 

further because the enzymes can only work in the 5' to 3 ' 

direction thereby creating replication forks that, also, can 

move in only one direction. As DNA helicase continuously 

unzips the molecule, this unidirectional movement poses a 

problem since the two DNA strands are of opposite orientation 

or polarity. What is created is one strand which is being 

continuously replicated and is called the "leading strand", 

and the other "lagging strand" is discontinuously replicated. 

The result, on the lagging strand, are short fragments of DNA 

called Okazaki pieces (FIGURE A.4). These pieces are 



FIGURE A.4 Unzipping of DNA during Replication 
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subsequently linked together by the action of enzymes. 

After the DNA molecule is "unzipped", another enzyme, 

DNA polymerase I, is responsible for pairing DNA nucleotides 

at the replication fork. Unpaired and complementary nitrogen 

bases are hydrogen bonded creating a new DNA molecule (FIGURE 

A.4). But, before DNA polymerase I can start this process, 

the enzyme requires a 3'OH to attach to the 5' phosphate 

group. This piece is called a primer and is made of RNA. RNA 

polymerase, yet another enzyme, is able to attach the RNA 

primer to the DNA strand using the enzyme primase which does 

not require an existing 3'OH piece. 

Once attached to the parent DNA strand, DNA polymerase I 

can chew away RNA and fill in the space with DNA nucleotides. 

DNA polymerase II is responsible for checking or proofreading 

and repairing the strand to keep replication errors very low. 

DNA ligase is the joining enzyme of the phosphate groups and 

the sugar's OH if everything is in the correct position. 

Finally, there are two exact copies, each being cortposed of 

one parent strand and one newly synthesized strand. Each new 

DNA molecule has the same arrangement of nitrogen bases as 

the original DNA molecule (FIGURE A.5). 

RNA and Transcription 

Recall, RNA, RiboNucleic Acid, is a single stranded 

nucleic acid composed of smaller units called nucleotides. 

There are three distinct kinds of RNA: ribosomal (rRNA), 

messenger (mRNA), and transfer (tRNA). Each is involved in 
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FIGURE A. 5 Two New DNA Strands After Replication 
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some aspect of making proteins. Organelles called ribosomes 

are basically "factory sites" for protein synthesis. 

Ribosomes are conposed of two subianits (one large, one small) 

and made up of rRNA and many tiny little proteins. There are 

three sizes of rRNA: (1) 28/26s, (2) 18/16s, and (3) 5s/5.5s, 

where "s" equals the sedimentation weight of the molecules 

and their size. This "s" factor is obtained from centrifuging 

cell contents and observing the banding and sedimentation. 

Although each ribosome contains each of the three sizes of 

rRNA, the exact function of the rRNA subunits is not clear, 

but they may serve to hold the ribosome together. 

Messenger RNA (mRNA) is the information carrier. It is a 

transcribed copy from the DNA molecule and takes the DNA 

message to the ribosome to be made into a protein. Transfer 

RNA (tRNA) , formally called adapter RNA, is responsible for 

bringing amino acids (the building blocks of proteins) to 

ribosomes during translation. Each of these types of RNA 

(rRNA, mRNA, and tRNA) are made as RNA polymerase scrolls 

over special sequences of DNA. These sequences are called 

genes and code for molecules that perform specific functions. 

The process of making RNA from DNA is called 

transcription (see FIGURE A.6). The transcription of DNA into 

RNA is a one to one transcription in eukaryotic cells and is 

necessary to get DNA's message out of the nucleus. The 3' to 

5' strand of DNA (the sense strand) is read by RNA polymerase 

so the RNA grows 5' to 3' . As the DNA message is read, RNA 
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FIGURE A.6 Transcription of DMA into RNA 
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nucleotides are joined by hydrogen bonds to their 

conplementary base pair. For exairple, if the DNA nucleotide 

base exposed is cytosine, an RNA nucleotide containing 

guanine will complete the pairing. If an adenine is exposed 

on the DNA nucleotide, an RNA nucleotide containing uracil 

will conplete the pair. 

DNA sequences that code for rRNA and tRNA are known as 

nonstructural genes, meaning the products of transcription 

are the final products of gene expression. A structural gene, 

for exanple a gene that codes for an mRNA molecule and 

eventually for a protein, must go through several changes 

before becoining the final product. Immediately after 

transcription, the primary mRNA transcript will contain 

functioning and nonfianctioning gene sequences called exons 

and introns, respectively. The primary mRNA transcript will 

undergo splicing and the introns will be excised from the 

mature mRNA by RNA and many other protein enzymes. The final 

mature mRNA will be corrposed of only exon sequences that will 

be transported to the cytoplasm and used as a template to 

make a protein at the ribosome sites. 

Protein Synthesis and Translation 

Every protein is made up of one or more polymers called 

polypeptides. Each polypeptide consists of a specific 

sequence of amino acids. Therefore, amino acids are 

considered the building blocks of proteins. There are 20 
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different amino acids available to make proteins. These amino 

acids are arranged in different sequences to form different 

proteins. 

The amino acid sequence making a protein is determined 

by a specific group of three sequential nitrogen bases of 

mRNA known as a codon. Each codon is formed from a DNA 

teirplate which codes for a specific arrangement of nitrogen 

bases, and therefore, amino acids in mRNA during the 

transcription process in the nucleus. There are 64 possible 

codons and each codon either codes for an amino acid or as a 

special "start' or "stop" signal so, several codons may code 

for the Scime amino acid. Coding for amino acids is universal, 

meaning, codons code for the same amino acids in bacteria, in 

mice and in humans. 

Translation is the process of assembling protein 

molecules from information coded in mRNA and takes place at 

the ribosomes outside of the cell's nucleus (FIGURE A.7). 

Ribosomes bind to the mRNA molecule in a specific location of 

the gene. This location allows the ribosome to become 

oriented in the correct reading frame for the initiation of 

protein synthesis. When the ribosome is correctly positioned, 

a tRNA molecule will bring the appropriate amino acid to be 

added to the protein chain. Theoretically, there are 64 

different tRNA's, each with a distinct anticodon because 

there are 64 possible conplementary codons. The proper amino 

acid is determined by matching the codon (the three base 
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FIGURE A.7 Translation: Protein Assembly 
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sequence on the mRNA) with the anticodon (the con̂ lementary 

three base sequence) on the tRNA. For example, if the 

nitrogen base sequence on the mRNA. is cytosine-guanine-

uracil, abbreviated CGU for the codon, the anticodon on the 

tRNA molecule is GCA. This tRNA molecule will bring the amino 

acid Arginine. The ribosome will then move along the mRNA 

strand, read the next codon, and the appropriate tRNA will 

bring the next amino acid by matching the codon with it's 

specific anticodon. The amino acids are then joined together 

by condensation reactions in which water is a by-product. 

This process will continue until the ribosome reaches a 

"stop" codon. 

The protein that results from translation was coded 

specifically by the DNA from which the mRNA was transcribed. 

To illustrate this process, consider the following DNA 

sequence: 

T T A G G C A T C C G G A A T C C G  

The corresponding mRNA sequence would be: 

A A U C C G U A G G C C U U A G G C  

If the ribosome were to read the strand beginning with the 

first three bases (the first codon), the tRNA molecules would 

bring the following amino acids in the specific order; 

Asn-Pro-Stop 

The amino acid sequence was cut short because the third codon 

"UAG" is a "stop" codon which terminates the amino acid 

chain. If, though, the ribosome did not attach to the strand 



237 

at the first base, but at the second base, the amino acid 

sequence would be very different because the reading frame 

has been shifted. The resulting amino acid sequence would 

then be: 

Ile-Arg-Arg-Pro-Stop 

Notice, the amino acid Arg (Arginine) is coded for by both 

the "CGU" and the "AGG" codons. Many amino acids are coded 

for by more than one codon. By shifting the reading frame, 

organisms with smaller, more conservative genomes can code 

for multiple different proteins from the same gene sequence. 

Once an amino acid sequence has been synthesized, it is 

now called a polypeptide. Within the polypeptides of 

prokaryotes and archaea are amino acid sequences which are 

nonf;inctional. This sequences called inteins are "amino acid 

introns" and excise themselves autocatalytically. Several 

polypeptides joined together form a protein. Proteins are not 

linear, but rather fold upon themselves to become functional. 

These functional proteins are also folded with the help of 

chaperon proteins which are mainly heat-shock proteins and 

unfold the functional proteins in extreme conditions. 

Protein Function 

Functional proteins are dependent upon the amino acids 

which conpose the proteins. Every amino acid (there are 20) 

has a similar structure: each contains an amino group, a 

carboxyl group, an alpha carbon atom, and a radical (R) group 

that differs in each amino acid {FIGURE A.8). It is the R 
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FIGURE A.8 Amino Acid Structure and Bonding 
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group that gives each amino acid its distinctive properties. 

Since different proteins have different sequences and 

proportions of amino acids, the organization of the R groups 

gives a protein its structural and functional properties. 

Amino acids are divided into subgroups based upon 

whether the R group is acidic, basic, neutral-polar, or 

neutral-nonpolar. Basic amino acids tend to have a positive 

charge, acidic amino acids have a negative charge, neutral-

polar amino acids are hydrophilic (like water), and neutral-

nonpolar amino acids are hydrophobic. There are a few amino 

acids which have special properties. Proline has a curved 

backbone that makes a bend in the protein. Methionine is a 

"start" codon which may be removed later. Cysteine contains 

sulfur which allows it to form very tight disulfide covalent 

bonds with the side chains of other amino acids. When joined 

together in a polypeptide or in a protein, it takes a large 

number of similar type amino acids to influence the shape of 

the protein. For example, if a protein had a long string of 

nonpolar amino acids at the beginning, this may allow the 

protein to go through a nonpolar membrane much like threading 

a needle. This leader sequence may then be clipped off so the 

protein can not go back through the membrane. Another example 

of a protein's structure relating to its function would be a 

protein which had many cysteines (cys) repeating in the chain 

such as: 

cys X X cys cys x x cys 
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This repetition would form a folding zinc finger (FIGURE 

A.9) . The cysteines would make disulfide bonds that aid in 

transcribing DNA to RNA. Zinc, that is captured in the loop 

is required for the functioning of many proteins called 

enzymes. 

Proteins are essential in normal cellular functioning. 

The amino acid sequence of any protein is determined by the 

DNA code brought to the cytoplasmic ribosomes from the 

nucleus by messenger RNA. Ribosomes read the code and join 

amino acids together in the specified order to form a 

functional protein. 



FIGURE A.9 Folding Zinc Finger 
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APPENDIX B: SBLC-SEQUENCE OF CONCEPTS FOR HEREDITY 
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Mendelian genetics: gametes carry genetic traits 
inheritance ratios for traits 

caution on Punnett's Squares 
alleles: different forms of a gene or trait 

inside nucleus of gametes: chromosomes 
chromosomes: made of DNA 
genetic traits are carried in the DNA which makes up 

chromosomes 
alleles: different forms of a gene for a trait 

Mitosis 
How do cells insure that each daughter cell will 
receive 1 copy of each chromosome? 
How (mechanism/process by which) chromosomes are 

accurately portioned out to new cells during 
"normal" cell growth and division (making an 
increased number of identical cells) 

caution: this does NOT have to do with Mendelian 
inheritance 

suggestion: Teach the concepts & the process first. 
Then introduce the terminology as appropriate. 
Assess so that points are earned for understanding 
concept, with additional points for knowing term. 
Every organism has a characteristic number of 

chromosomes 

Problem: If an egg {ovum} and sperm have the normal 
number of chromosomes when they join during 
fertilization, the fertilized egg will have TWICE the 
normal number of chromosomes. Each generation, the 
number of chromosomes would double. How do cells prevent 
this from happening? 

Meiosis 
Every organism has a characteristic number of 

chromosomes. It must have one, and only one, 
copy of each type of chromosome from each of 
its parents. 

How (by what mechanism/process) do cells accorrplish 
this? 

DNA Structure 
double helix 
4 nucleotides 
caution: Texts seldom relate the double-stranded DNA 

structure back to chromosomes. This results in some 
students thinking that the "X-shaped" duplicated 
chromosomes and "double-stranded DNA" are the same 
thing. 
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APPENDIX C: NATALIE'S BOARD ILLUSTRATIONS 
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FIGURE C.2 Natalie's Board Illustration 2 
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FIGURE C-3 Natalie's Board Illustration 3 
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Natalie's Board Illustration 4 
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figure c.5 Natalie's Board Illustration 5 
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APPENDIX D: JUNE'S BOARD ILLUSTRATIONS 



FIGURE D.l: JUNE'S BOARD ILLUSTRATION 
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